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6-CARBOXAMIOO DIHYDROPYRAN DERIVATIVES 

This invention relates to a new class of chemical compounds and to their use in 
medicine. In particular the invention concerns novel dihydropyran derivatives, 
methods for their preparation, pharmaceutical formulations thereof and their'use 
as antiviral agents. 

Enzymes with the ability to cleave N-acetyl neuraminic add (NANA), also known 
as sialic acid, from other sugars are present in many microorganisms. These 
include bacteria such as Vibrio cholerae, Clostridium perfringens, Streptococcus 
pneumoniae, and Arthrobacter siaiophilus, and viruses such as influenza virus, 
parainfluenza virus, mumps virus, Newcastle disease virus, and Sendai virus. 
Most of these viruses are of the orthomyxovirus or paramyxovirus groups, and 
carry a neuraminidase activity on the surface of the virus particles. 

Many of the neuraminidase-possessing organisms are major pathogens of man 
and/or animals, and some, such as influenza virus and Newcastle disease virus, 
cause diseases of enormous economic importance. 

It has long been thought that inhibitors of neuraminidase activity might prevent 
infection by neuraminidase-bearing viruses. Most of the known neuraminidase 
inhibitors are analogues of neuraminic acid, such as 2-deoxy-2,3-didehydro-N- 
acetylneuraminic acid (DANA) and its derivatives. See, e.g., Meindl et al., 
Virology 1974 58 457-63. International Application Publication No. 
WO91/16320 describes a number of derivatives of DANA active both |q vifca 
and in vty£ against viral neuraminidase and useful in the treatment of influenza. 
Further DANA derivatives are disclosed in EP 0539204, WO 95/18800 and WO 
95/20583. None of these publications discloses compounds having a 
cartxxxamide group at the 6 position of the dihydropyran ring. 

We have now found a novel class of dihydropyran derivatives which are active 
against the influenza virus. 

The invention therefore provides, in a first aspect, compounds of formula (I) 
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(I) 



wherein 

R 1 represents OR 5 , SR 5 , NR 5 R a , N(OR 5 )R 6 or N(NR s R 6 )R e ; 

X represents OH, N* NRV or NR 4 CO a R ,s ; 

Y represents H or NHR 2 ; 

R 2 represents a group S0 2 R 7 or COR 7 ; 

R 3 represents H, C 1-6 alkyl or C(=NR e )NR 9 R 10 ; 

R 4 represents H or C 1-e alkyl; 

R 5 represents H, C^aalyl, C^cydoalkyl, Cj^lkanyl, C*»alkyny1, 
CHR 11 COR 12 or C^jo^^ substituted by one or more groups selected from 
NR i3 R 14 , NR 13 COR 14 COjR 13 OR 13 C„cydoallcyl and optionally substituted 
aryl; 

Each R 6 independently represents H, C 1-6 alkyi, C^cydoalkyl, C 2-C alkenyl t Cm, 
alkynyl, aryl or C^alkyl substituted by one or more groups selected from 
NR 13 R 14 COR 13 , C^cycloaBcyl, CN, H % OR 13 and optionally substituted aryl; 
or R 5 and R 6 together form a C^ hydrocarbon chain which may optionally 
contain a group NR° which chain is optionally substituted by 1 , 2, 3, or 4 groups 
selected from oxo and C 1-e alkyt groups which groups may optionally be 
substituted by hydroxy or optionally substituted aryl; 

R 7 represents C 1fl6 alkyt optionally substituted by one or more halogen atoms, C* 
scydoalkyl or optionally substituted aryl; 

R* R° and R 10 each independently represent H, C 1-6 alkyl, amino, hydroxy, 
cyano or nitro; 

R 11 represents the side chain of a D- or I- amino acid; 
R 12 represents NR 13 R 14 OR 13 or R 13 ; 

each R 1 * and each R 14 independently represents H, C 14 alkyl or optionally 
substituted arylC^alcyt; 
R* represents Ci^aikyl; 

and their pharmaceutical^ acceptable derivatives. 
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Preferably R 1 represents NR 5 R« or N(OR 5 )R a ) more preferably NR*R*. 

Suitably R 6 is selected from substituted or unsubstituted C^oalkyl, C^alkenyl 
or Cj-»cycioalky1 and R 6 is substituted or unsubstituted C 1ae alkyl, H or aryi, or R 5 
and R 6 together with the nitrogen atom to which they are joined form a group 



where R* and R b independently represent H, C 1-6 alky1 such as methyl or 
hydroxymethyf, preferably H or methyl. 

More preferably R 1 represents NRW and R 5 and R 6 both represent C^lkyl 
groups optionally substituted by optionally substituted aryi or cydoalkyl, or 
NR 5 R 6 represents a group 



Preferably Y represents NHRV More preferably Y represents NHCOR 7 wherein 
R 7 represents d^afkyf optionally substituted by one or more fluorine atoms, 
such as methyl, ethyl or trifkjoromethyl, more preferably methyl. 

One subgroup of compounds according to the invention is represented by 
formula (la): 
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wherein R 1 arid Y are as defined for formula (I) above. In compounds of formula 
(la), NR*R 4 preferably represents amino or guanidino, more preferably 
guanidino. 

A further subgroup of compounds of the invention is represented by formula (lb): 



o 




(lb) 



OH 

wherein R 1 and Y are as defined for formula (I) above. 

The D- or L-amino acids of which R 11 represents the side chain may be natural 
amino acids, such as glycine, alanin, valine, leucine, isoleuctne, serine, 
threonine, phenylalanine, tyrosine, tryptophan, cysteine, proline, methionine, 
aspartic acid, asparagine, glutamic acid, glutamine, arginine, lysine or histidine; 
or unnatural amino acids. 

As used herein, aikyl includes both straight and branched chain saturated 
hydrocarbon groups. 

As used herein, aikenyi means a straight or branched hydrocarbon chain 
containing one or more carbon-carbon double bonds. 

As used herein, alkynyl means a straight or branched hydrocarbon chain 
containing one or more carbon-carbon triple bonds. 

Aryl means aromatic carbocydic and heterocyclic groups. Preferred examples 
of aryl groups included phenyl, naphthyl, pyridyl, imidazolyl and thienyt. When 
aryl groups are optionally substituted, suitable substituents include C 1-4 alky1 f C 1 . 
4 alkoxy, halo, hydroxy, cyano, nitre, trifluoromethyi, amino, phenyl and benzyl. 
Suitably, substituted aryl groups bear 1, 2 or 3 substituents. 
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By n a pharmaceutical ly acceptable derivative" is meant any pharmaceutical^ 
acceptable salt, ester, or salt of such ester, of a compound of formula (I) or any 
other compound which, upon administration to the recipient, is capable of 
providing (directly or indirectly) a compound of formula (I) or an antivirally active 
metabolite or residue thereof. 

It will be appreciated by those skilled in the art that the compounds of formula (I) 
may be modified, to provide pharmaceutical^ acceptable derivatives thereof at 
any of the functional groups in the compounds of formula (I). Of particular 
interest as such derivatives are compounds modified at the carboxyl function, 
hydroxy! functions or at amino groups. Thus compounds of interest include alkyl 
(such as methyl, ethyl or propyl e.g. isopropyl) or aryl (e.g. phenyl, benzoyl) 
esters and acetyl esters of the compounds of formula (I). 

It will be appreciated by those skilled in the art that the pharmaceutical 
acceptable derivatives of the compounds of formula (I) may be derivatised at 
more than one position. 

Pharmaceutical^ acceptable salts of the compounds of formula (I) include those 
derived from pharmaceutical^ acceptable inorganic and organic acids and 
bases. Examples of suitable acids indude hydrochloric, hydrobromic, sulphuric, 
nitric, perchloric fumaric maleic, phosphoric, glycollic, lactic, salicylic, succinic, 
toluene- p-sulphonic, tartaric, acetic, citric, methanesulphonic, formic, benzoic, 
malonte, naphthalene-2-sulphonic and benzenesulphonic acids. Other acids 
such as oxalic, while not in themselves pharmaceutical^ acceptable may be 
useful in the prepmtion of salts useful as intermediates in obtaining 
compounds of the invention and their pharmaceutical^ acceptable acid addition 
salts. 

Salts derived from appropriate bases include alkali metal (e.g. sodium), alkaline 
earth metal (e.g. magnesium), ammonium and NR4* (where R is Ci-4alkyl) 
salts. 

As preferred subgroup of compounds according to the invention is represented 
by formula (Ic): 
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wherein 

R c is NH3 or NHC(=IMH)NH,; 

R* is Ci.jalkyl optionally substituted by one or more fluorine atoms; 

R* is C^alkyl optionally substituted by phenyl, naphthyl or biphenyl, preferably 

ethyl substituted by phenyl, naphthyl or biphenyl; 

or a pharmaceutical^ acceptable salts thereof. 

Preferred compounds include > 

(4S, 5R,6R)-5-ecetytamino^iTO^ 
pyran-2-carboxylic acid; 

(4S, 5R,6R)^cetylamino-6^methylpropylcarbamoyl) -4-guanidino-5,6- 
dihydro-4H-pyran-2-carboxylic acid; 

(4S f 5R,6R)-5-acetylamino-^am!no-6-(2 f 5-dimethylpyrrolidine-1 -carbony l)-5,6- 
dihydro^-pyran-2<arboxytic acid; 

(4S. 5R,6R>-5*c»tyiamirKM^ro^ 
2~carboxylic add; 

(4S, 5R,6R)-6-acetylamino^ipropylca^ 
pyran-2-carboxylic add; 

(4S. 5R,6R)-5-ecetyiamino-6^but 
pyran-2-cartooxylic acid; 

(4S, 5R6R)-5-acety1amino-4^ino^ 
dihydro-4H-pyrarv2-carboxytic add; 
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(4S, 5R,6R>£-acetytamino^phenyle^ 
dihydro-4H-pyran-2-cartx}xylic acid; 

(4S, 5R t 6R)-5-aoetylamirK>-4-amino^buty!propylc^^ 
pyrarv2-cartXDxyiic acid; 

(4S, 5R,6R)-5-ac8tylamino-4-amirK>-6^ieth 
2-cartxocylic ackj; 

(4S, 5R,6R)-5-ac8tylamino-4-amino^ethylpropylc^ 
pyrarv2-carboxytic acid; 

(4S,5R t 6R)-4^tno^dipropytcart>anr^ 
dihydro-4H-pyrarh2<afboxylfc 

(4S t 5R,6R)-6-AcetytamirxH^^m 
propyftcarbamoyO^.&^hydro^H-pyrar^ add; 

{4S,5R,6R)-5-acetytamino-4-^^ 
dihydro-4H-pyran-2<art>oxylic acid; 

(4S,5R,6R>-*-Acetyiamino^(2<yd^ 
5 t 6-dihydro-4H-pyran-2-carboxylic acid; 

(4S,5R6R)-5-Acatylamtf^ 
5,6^ihydro^H-pyran-2<artexylic acid; 

(4S,5R,6RMrAmino^pheneth^ 
dihydro-4H-pyrarv2-cartaxylic acid; 

and pha r ma ceutical ty acceptable derivatives thereof. 

References hereinafter to a compound of the invention includes the compounds 
of formula (I) and pharmaceutical^ acceptable derivatives thereof. 



8 



PCT/AU94/002W 



The compounds of formula (I) possess antiviral activity. In particular these 
compounds are inhibitors of viral neuraminidase of orthomyxoviruses md 
paramyxoviruses in particular influenza neuraminidase, for example the viral 
neuraminidase of influenza A and B. 

Compounds of the examples have been tested for their ability to inhibit the 
multiplication of influenza virus in a plaque reduction assay essentially as 
described in WO91/16320. Typically, IC* values for influenza A and B were 
less than 50iig/ml. 

There is thus provided in a further aspect of the invention a compound of 
formula (I) or a pharmaceutical^ acceptable derivative thereof for use as an 
active therapeutic agent in particular as an antiviral agent for example in the 
treatment of influenza virus infections. 

In a further or alternative aspect there is provided a method for the treatment of 
a viral infection, for example an influenza virus infection in a mammal including 
man comprising administration of an effective amount of a compound of formula 
(I) or a pharmaceutically acceptable salt or derivative thereof. 

There is also provided in a further or alternative aspect use of a compound of 
the invention for the manufacture of a medicament for the treatment of a viral 
infection. 

It will be appreciated by those skilled in the art that reference herein to 
treatment extends to prophylaxis as well as the treatment of established 
infections or symptoms. 

The compounds of the invention may also be used in disagnostic methods, in 
particular methods for the detection of influenza virus. For use in such methods 
it may be advantageous to link a compound of the invention to a detachable 
label. 
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In a further or alternative aspect, the present Invention provides a compound of 
formula (I) for use In medicine. As used herein the term •medicine' includes 
both treatment and diagnosis. 

The amocnt erf a compound of the invention required for use in treatment will 
vary not only with the particular compound selected but also with the route of 
administration, the nature of the condition being treated and the age and 
condition of the patient and will ultimately be at the discretion of the attendant 
physician or veterinarian. In general however a suitable dose will be in the 
range of from about 0.1 to 750mg/kg of bodyweight per day, preferably in the 
range of 0.5 to 60 mg/kg/day, most preferably in the range of 1 to 20mg/kg/day. 

Treatment is preferably commenced before or at the time of infection and 
continued until vims is no longer present in the respiratory tract However the 
compounds are also effective when given post-infection, for example after the 
appearance of established symptoms. 

Suitably treatment is given 1-4 times daily and continued for 3-7, e.g. 5 days 
post infection depending upon the particular compound used. 

The desired dose may be presented in a single dose or as divided doses 
administered at appropriate intervals, for example as two, three, four or more 
sub-doses per day. 

The compound is conveniently administered in unit dosage form for example 
containing 10 to 1S00mg ( conveniently 20 to 1000mg, most conveniently SO to 
700mg of active ingredient per unit dosage form. 

While it is possible that, for use in therapy, a compound of the invention may be 
admin is tered as the raw chemical it is preferable to present the active ingredient 
as a pharmaceutical formulation. 

The invention thus further provides a pharmaceutical formulation comprising a 
compound of formula (I) or a pharmaceutical^ acceptable salt or derivative 
thereof together with one or more pharmaceutical^ acceptable carriers therefor 
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and, optionally, other therapeutic and/or prophylactic ingredients. The carriers) 
must be 'acceptable 1 in the sense of being compatible with the other ingredients 
of the formulation and not deleterious to the recipient thereof. 

Pharmaceutical formulations include those suitable for oral, rectal, nasal, topical 
(including buccal and sublingual), vaginal or p*enterai (including 
intramuscular, sub-cutaneous and intravenous) administration or in a form 
suitable for administration to the respiratory tract (including the nasal passages) 
for example by inhalation or insufflation. The formulations may, where 
appropriate, be conveniently presented in discrete dosage units and may be 
prepared by any of the methods well known in the art of pharmacy. All methods 
indude the step of bringing into association the active compound with liquid 
carriers or finely divided solid carriers or both and then, if necessary, shaping 
the product into the desired formulation. 

Pharmaceutical formulations suitable for oral administration may conveniently 
be presented as discrete units such as capsules, cachets or tablets each 
containing a predetermined amount of the active ingredient; as a powder or 
granules; as a solution, a suspension or as an emulsion. The active ingredient 
may also be presented as a bolus, electuary or paste. Tablets and capsules for 
oral administration may contain conventional excipients such as binding agents, 
fillers, lubricants, disintegrants, or wetting agents. The tablets may be coated 
according to methods well known in the art Oral liquid preparations may be in 
the form of, for example, aqueous or oily suspensions, solutions, emulsions, 
syrups or elixirs, or may be presented as a dry product for constitution with 
water or other suitable vehicle before use. Such liquid preparations may 
contain conventional additives such as suspending agents, emulsifying agents, 
non-aqueous vehicles (which may include edible oils), or preservatives. 

The compounds accorcBng to the invention may also be formulated for 
parenteral administration (e.g. by injection, for example bolus injection or 
continuous infusion) and may be presented in unit dose form in ampoules, pre- 
fixed syringes, small volume infusion or in multi-dose containers with an added 
preservative. The compositions may take such forms as suspensions, solutions, 
or emulsions in oily or aqueous vehicles, and may contain formulatory agents 
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such as suspending, stabilising and/or dispersing agents. Alternatively, the 
active ingredient may be In powder form, obtained by aseptic isolation of sterile 
solid or by lyophilisation from solution, for constitution with a suitable vehicle, 
e g. sterile, pyrogen-free water, before use. 

For topical administration to the epidermis the compounds according to the 
invention may be formulated as ointments, creams or lotions, or as a 
transdermal patch. Ointments and creams may, for example, be formulated with 
an aqueous or oily base with the addition of suitable thickening and/or gelling 
agents. Lotions may be formulated with an aqueous or oily base and will in 
general also contain one or more emulsifying agents, stabilising agents, 
dispersing agents, suspending agents, thickening agents, or colouring agents. 

Formulations suitable for topical administration in the mouth include lozenges 
comprising active ingredient in a flavoured base, usually sucrose and acacia or 
tragacanth; pastilles comprising the active ingredient in an inert base such as 
gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the 
active ingredient in a suitable liquid carrier. 

Pharmaceutical formulations suitable for rectal administration wherein the 
carrier is a solid are most preferably presented as unit dose suppositories. 
Suitable carriers include cocoa butter and other materials commonly used in the 
art and the suppositories may be conveniently formed by admixture of the 
active compound with the softened or melted carrierfs) followed by chilling and 
shaping in moulds. 

Formulations suitable for vaginal administration may be presented as pessaries, 
tampons, creams, gels, pastes, foams or sprays containing in addition to the 
activa ingredient such carriers as are known in the art to be appropriate. 

Preferably the compounds of the invention will be administered to the 
respiratory tract 

For administration to the respiratory tract (including intranasal administration) 
the neuraminidase inhibitors may be administered by any of the methods and 
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formulations employed in the art for administration to the respiratory tract, 
including inhalation via the nose and/or mouth using a nebuliser or an inhaler. 

Thus in general the compounds may be administered in the form of a solution or 
a suspension or as a dry powder. 

Solutions and suspensions will generally be aqueous for example prepared from 
water alone (for example sterile or pyrogen-free water) or water and a 
physiologically acceptable co-solvent (for example ethanol, propylene glycol, 
pdyethiene glycols such as PEG 400). 

Such solutions or suspensions may additionally contain other extipients for 
example preservatives (such as benzalkonium chloride), solubilising 
agents/surfactants such as poiysorbates (e.g. Tween 80, Span 80, 
benzalkonium chloride), buffering agents, isotonitity-adjusting agents (for 
exanrple sodium chloride), absorption enhancers and viscosity enhancers. 
Suspensions may additionally contain suspending agents (for example 
microcrystalline cellulose, carboocymethyt cellulose sodium). 

Solutions or suspensions are applied directly to the nasal cavity by conventional 
means, for example with a dropper, pipette or spray. The formulations may be 
provided in single or multidose form. In the latter case a means of dose 
metering is desirably provided. In the case of a dropper or pipette this may be 
achieved by the patient administering an appropriate, predetermined volume of 
the solution or suspension. In the case of a spray this may be achieved for 
exanple by means of a metering atomising spray pump. 

Administration to the respiratory tract may also be achieved by means of an 
aerosol formulation in which the compound is provided in a pressurised pack 
with a suitable propellent such as a chlorofluorocarbon (CFC) for example 
dichlorodfkjoromethane, trichlorofluoromethane or didilorotetrafluroroetham 
carbon dioxide or other suitable gas. The aerosol may conveniently also 
contain a surfactant such as lecithin The dose of drug may be controlled by 
provision of a metered valve. 
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Alternatively the compounds may be provided in the form of a dry powder, for 
example a powder mix of the compound in a suitable powder base such as 
lactose, starch, starch derivatives such as hydroxypropytmethyl cellulose and 
polyvinytpyrroltdine (PVP). Conveniently the powder carrier will form a gel in the 
nasal cavity. The powder composition may be presented in unit dose form for 
example in capsules or cartridges of e.g. gelatin or blister packs from which the 
powder may be administered by means of an inhaler. 

In formulations intended for administration to the respiratory tract, including 
intranasal formulations, the compound will generally have a small particle size 
for example of the order of 5 microns or less. Such a particle size may be 
obtained by means known in the art, for example by micronisation. 

When desired, formulations adapted to give sustained release of the active 
ingredient may be employed. 

The compounds of the invention may also be used in combination with other 
therapeutic agents, for example other anti-infective agents. In particular the 
compounds of the invention may be employed with other antiviral agents. The 
invention thus provides in a further aspect a combination comprising a 
compound of formula (I) or a pharmaceutical^ acceptable salt or derivative 
thereof together with another therapeutically active agent, in particular an 
antiviral agent 

The combinations referred to above may conveniently be presented for use in 
the form of a pharmaceutical formulation and thus such formulations comprising 
a combination as defined above together with a pharmaceutical^ acceptable 
carrier therefor comprise a further aspect of the invention. 

Suitable therapeutic agents for use in such combinations indude other anti- 
inf active agents, in palicular anti-bacterial and anti-viral agents such as those 
used to treat respiratory infections. For example, other compounds effective 
against influenza viruses, such as amantadine, rimantadine and ribavirin, may 
be included in such combinations. 



W 90MOS 



14 



PCT/AU96/00MJ 



The individual components of such combinations may be administered either 
sequentially or simultaneously In separate or combined pharmaceutical 
formulations. 

When the compounds of the invention are used with a second therapeutic agent 
active against the same virus the dose of each compound may either be the 
same as or differ from that employed when each compound Is used alone. 
Appropriate doses will be readily appreciated by those skilled in the art 

The compounds of formula (I) and their pharmaceutical^ acceptable salts and 
derivatives may be prepared by the methods described below in which R, R1, 
R2, R3 r4. r5 and R are as defined for formula (I) unless otherwise specified. 
The methods outlined below form a further aspect of the invention. 

In one such process (A) compounds of formula (I) wherein R 1 is hydroxy may 
be prepared from compounds of formula (II) 




x 



or a suitably protected derivative thereof, by oxidative cleavage of the glycerol 
sidechain, followed, if necessary, by deprotection. 

Conveniently the oxidative cleavage is carried out in two steps. Suitably the first 
step is effected using a periodate, such as, for example, sodium periodate, 
conveniently in a suitable solvent, such as an aqueous organic solvent, for 
example, aqueous methanol. Suitable reagents for the second step of the 
oxidative cleavage induce chlorites, for example sodium chlorite, suitably in the 
presence of a buffering agent, such as an alkali or aiWine earth metal phosphate 
for example; potassium phosphate . in an aqueous organic solvent, such as an 
aqueous mixture of an alcohol and a hydrocarbon, for example, an aqueous 
mixture of t-butanol and cydohexene. 



W MOSttS 



PCT/AC96/002S9 



15 



Compounds of formula (I) wherein R 1 is OR" and R* is other than H may be 
prepared from the corresponding compounds wherein R* is H by conventional 
alkylation procedures. 

Compounds of formula (I) wherein R 1 is other than OR* may be prepared from 
the corresponding compounds of formula (I) wherein R 1 represents hydroxy by 
reaction with e suitably substituted amine. Suitably the hydroxy group is 
activated prior to reaction with the amine. Suitable methods of activation will be 
readily apparent to those skilled in the art and include, for example, conversion 
to a pentafluorophenoxy group. The amination is conveniently effected in a 
suitable organic solvent such as an ether, for example, tetrahydrofuran. 

Other compounds of formula (I) may be prepared by interconversion of different 
compounds of formula (I). For example, compounds wherein R 3 and R 4 are 
other than H may be prepared by derivatisation of the corresponding compound 
wherein r3 and/or R 4 are K 

According to an alternative process (B), compounds of formula (I) wherein X is 
NH, may be prepared from the corresponding compounds of formula (III): 



or protected derivatives thereof, by reduction of the azkJe group, followed, if 
necessary, by deprotection. 

The reduction may be earned out using any known methods for the conversion 
of azides to amines. Suitable methods ere described in the Examples 
hereinafter and, for example, in International patent applications publication 
numbers WO93/12105 and WO95/00503. Conveniently, the reduction ie 
achieved using triphenylphosphine. 



o 




CO,H 



(lit) 
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Compound! of formula (I) wherein X is substituted amine or guanidina may be 
prepared from compounds of formula (I) wherein X is NH 2 by suitable 
derivatisation of the amine. In particular, compounds of formula (I) wherein X 
represents guankfine may be prepared from the corresponding compounds of 
formula (I) wherein X is NH*. far example by reaction with pyrazolcarboxamidine, 
or a salt or derivative thereof, preferably pyrazolcarboxamidine hydrochloride. 

As will be appreciated by those skilled in the art it may be necessary or 
desirable at any stage in the above described processes to protect one or more 
sensitive groups in the molecule to prevent undesirable side reactions; the 
protecting group may be removed at any convenient subsequent stage in the 
reaction sequence. 

The protecting groups used in the preparation of compounds of formula (I) may 
be used in conventional manner. See for example Protective Groups in 
Organic Chemistry Ed J. F. W. McOmie (Plenum Press 1973) or 'Protective 
Groups in Organic Synthesis' by Theodora W Greene and PGM Wuts (John 
Wiley and Sons 1991). 

Conventional amino protecting groups may include for example aralkyi groups, 
such as benzyl, diphenytmethyl or triphenybnethyl groups; and acyi groups such 
as N-benzytoxycarbonyt or t-butoxycarbonyl. 

Hydroxy groups may be protected, for example, by aralkyi groups, such as 
benzyl, diphenytmethyl or triphenylmethyf groups, acyi groins, such as acetyl, 
silicon protecting groups, such as trimethyisilyl groups, or as tetrahydropyran 
derivatives: 

Carboxyfic acid groups are conveniently protected as the methyl or 
diphenytmethyl esters. 

Removal of any protecting groups present may be achieved by conventional 
procedures. 
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Where it is desired to isolate a compound of the invention as a salt, for example 
as an add addition salt, this may be achieved by treating the free base of 
general formula (I) with an appropriate acid, preferably with an equivalent 
amount or with creatinine sulphate in a suitable solvent (e.g. aqueous ethand). 

The present invention is further described by the following examples which are 
for illustrative purposes only and should not be construed as a limitation of the 
invention. 

Exampfr 1 

(4S.5R.6R)4>-Acetvlamino^amino^meth^ 
Dvran-2-carfaoxvlic acid trifluoroacetate salt 

a) (4S,5R,6R)-5-Ac8tyiamino^tert-b^^ R,2R,3- 
trihydroxy-propy1)^ I 6Hjihydro^H-pyran-2<art» acid benzhydryl ester 

To a suspension of (4S 1 5R,6R)-5-acety!amino*4^rT^^ 
propyl)^ l 6^ihydro^H-pyrarv2<arboxylic acid trihydrate (8.25g ( ) in 
dioxan/water (2:1v/v, 75ml) was added sodium bicarbonate (Z6g) and di-4-butyl, 
pyrocarbonate (6.76g) and the reaction was stirred at 23'C for 18 hours. The 
resulting solution was acidified to pH6 using 2N hydrochloric acid and to this 
was added a solution of diphenyldiazomethane in dichloromethane (125ml of a 
0.29M solution). This was stirred rapidly for 24 hours whilst maintaining the pH 
at approximately 6 using 2N hydrochloric acid. The resulting suspension was 
filtered and the solid was dried in vacuo to give the &J§ compound . (10.9g); 1 H 
NMR (250 MHz, Ds-OMSO) 8,13 (1H, d, J*8Hz), 7.49-7.25 (10H, m), 7.15 (1H t 
d, J=8.75Hz), 6.87 (1H t s), 5.88 (1H f m), 4.63 (2H, m), 4.47 (1H, m), 4.34 (1H, 
m), 4.18 (1H, m), 3.91 (1H, m), 3.67 (2H, m), 3.40 (2H, m), 1.88 (3H, s) t 1.41 
(9H, s); Mass spec (Low resolution): MH*=557, MH+-80C*457; Mass analysis: 
C29 H36 N2 Og. 1.5H 2 O. Required: C.59.68; H f 6.74; N, 4.80. Found: C, 
59.65; H, 6.61; N f 4.84. 

b) (2R3R,4S)-3-Acetytamino^tert^ 
pyran-2,6-dicarboxy1ic acid 6-toenzhydryt ester 
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(4S,5R6R)-5^cetyiamino^t^^ 

propyl)-5,6-<lihydrc^-pyr^ add benzhydryl ester (8.0g) was 

dissolved in methanol/water (5:1 v/v, 180ml). To this was added sodium 
periodate (6.93g) and the reaction was stirred at 23 # C for 3 hours. The solid 
was removed by filtration and the filtrate was evaporated in vacuo to give a 
white solid. 

The solid obtained by evaporation of the filtrate was suspended in f-butanol 
(70ml) and cydohexene (10ml) and stirred rapidly at 23 # C. To this was added a 
solution of sodium chlorite (10.7g) and potassium dihydrogen orthophosphate 
(10.7g) in water (50ml). Alter 18 hours a pale yellow solution was obtained 
which was acidified using 2N hydrochloric add. This was extracted into ethyl 
acetate (3 x 200ml) and dried over anhydrous magnesium sulphate. The solvent 
was removed in vacuo and the residue was triturated with diethyl ether. The 
solid was collected by filtration and dried to give the title compound. (5.1g ). 1 H 
NMR (250 MHz, D 6 -OMSO).13.1 (1H, broad s) t 7.96 (1H. d, J=&75Hz), 7.46* 
7.26 (10H, m), 6.92 (1H t s), 6.83 (1H, d, J=6.25Hz), 6.06 (1H, d, J*3Hz), 4.57 
(1H, d, J-&25HZ), 4.28 (1H, m), 4.15 (1H, m), 1.79 (3H, s), 1.38 (9H, s): Mass 
analysis: 

C27H30N2O8. 0.25H2O.Required: C, 62.96; H, 5.97; N, 5.44. Found: C, 62.85; 
H, 5.93; N, 5.52; Mass Spec (Low resolution): MH+= 51 1 

c) (2R3R4S)-3-Acetytamino^tert^oxycar^ 

pyran-2 v 6-dicarboxyUc add 6-benzhydryl ester 2^2,3,4,5,6-pentafluoro-phenyl) 

ester 

(2R,3R,4S)-3-Acetytamin^^ 

2,6-dic*baxyBc edd 6-benzhydryl ester (3.36g) was dissolved in dry 
dimettiyMbr ma mide (10ml) end pyridine (0.632g) under nitrogen and stirred at 
23*C. To this was added pentafluorophenyl trifluoroaoetate (2.02g). After 3 
hours the reaction mbdure was diluted with ethyl acetate (250ml) and washed 
with dilute hydrochlori c edd (3 x 50ml), dilute sodium bicarbonate solution (3 x 
50mi) end brine (50ml). The organic phase was dried over anhydrous 
magnesium sulphate end the solvent was removed in vacuo to give the tills 
compound i s an off-white foam. (4.353g); 1 H NMR (250MHz, DMSO) 
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8.22 (1H, d, J=8Hz). 7.50-7.27 (10H. m). 7.06 (1H, m). 6.94 (1H. 8), 6.18 (1H, d, 
J=3.8Hz). 5.25 (1H, d. J=6.8Hz), 4.42 (1H, m), 4.29 (1H, m), 1.82 (3H, s>. 1.38 
(9H. 8). 

d) (4S,5R,6R}-5-Ac8ty1arrun<>^tert-b^ 

propykarbamoy!)-5,6^ihydfxMH^yran.2Kartxjxy1ic acid benzhydryl ester 
To (2R3R4S>3-acetvlamino^tert-but^^ 

pyran-2.6-dicart)oxylic acid 6-benzriydryl ester 2^2,3.4.5.6-pentafluoro-phenyl) 
ester (1.18g) in dry tetrahydrofuran (13ml) was added N-metriyl-propylamine 
(0.1 52g) and the reaction was stirred at 23*C for 4 hours, The solvent was 
removed in vacuo and the residue was chromatographed over silica (Merck 
9385. 150g) using medium pressure (- 4 psi) and ethyl acetate as the eluant 
The required fractions were combined and the solvent removed in vacuo to give 
the title compound as a white foam. (0.85g); 1h NMR (250MHz, tVDMSO) 
8.10-7.98 (1H, m), 7.48-7.26 (10H. m), 6.91 (1H, s). 6.58 (1H, m). 6.03 (1H. m). 
5.13 (1H, m), 4.34 (1H, m), 4.03 (1H, m), 3.37 (2H. m), 3.07+281 (3H. s), 1.77 
(3H, s), 1.64-1.22 (2H, m), 1.37 (9H, s), 0.81 (3H, m): Mass spec (Low 
resolution): MH > =566, MH + -B0C=466; Mass analysis: 

C31H39N3O7. O SCeHFsO. Required: C, 62.09; H. 6.05; N. 6.39. Found: C, 
61 .85; H. 6.07; N, 6.43. 

e) (4S,5R,6R)-5-AcetylafrirKM-arra 
dihyo*o^4H-pyTarv2-cart>oxylic add trifluoroacetate salt 

(4S,5R,6R)-5-Ac»tylarnirx>^tert-bu^^ 

cart>anKjy1)^,6*iihvdro-4H-pyrarv^ acid benzhydryl ester (0.10g) 

was dissolved in dk+tforomethane (1ml) and trifluoroacetic acid (1ml) and left to 
stand at 23*C for 3 hours. The solvent was removed in vacuo and the residue 
was triturated using diethyl ether (30ml). The resulting solid was collected by 
filtration and dried to give the title compound as a white solid. (0.064g): 1 H NMR 
(250MHz. O2O) 5.99 (1H. m). 5.24 (1H, m), 4.52 (1H, m), 4.25 (1H. m), 3.59- 
3.18 (2H, m), 3.18+2.97 (3H. s), 2.02 (3H, s), 1.72-1.46 (2H, m). 0.87 (3H. m); 
Mass Analysis: C15H22F3N3O7. 0.25H2O. Required C. 4112; H. 5.43; N. 
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10.06; Found C, 42.99; H, 5.60; N, 10.17; Mass Spec. (Low Resolution) MH+ = 
300. 

Example 2 

(4S. SR. 6RV5-AcgMamino^me^ 
dihvdro^H-pvran>2<art)Oxvllc acid trifluoroacetata salt 

a) (4S,5R6R)-5-Acetylamino^2 ( 3^s(tert-b^ 

(methylpropykart>amoyi}^,6^ihydro^ acid benzhydryl 

ester 

(4S,5R,6R)-5-Acetytamirx>^tert^ 

(methylpropy lcarbamoyl)^ t 6-dihydr^ acid benzhydryl 

ester (0.83g) was dissolved in a solution of hydrogen chloride in dioxane (10ml 
of a 4.0N solution) and stirred under nitrogen for 30 minutes. The solvent was 
removed in vacuo to give an off-white foam. This was suspended in 
tetrahydrofuran (10ml) and dimethytfocmamide (5ml). To this was added 
triethylamine (0.42ml) and (tert-butoxycaiteny limino)-pyrazol-1 -yt-methyt- 
carbamic acid tert-butyt ester (0.682g) and the reaction was stirred at 23 # C for 
18 hours. The reaction was partitioned between ethyl acetate and 1N 
hycfrochloric acid. The organic phase was dried over anhydrous magnesium 
sulphate and the solvent was removed in vacuo. The residue was 
chromatographed over silica (Merck 9385. 30g) using medium pressure (-4psi) 
and cydohaxane/ethyt acetate (1:1 vN) as eluant The required fractions were 
combined and the solvent was removed in vacuo to give the tttte compound as a 
white foam. (0.607g);lH NMR (250MHz, DrOMSO) 11.41 (1H f s), 8.63 (1H, m), 
7.40-7.29 (10H, m), 6.99 (1H, s), 6.12 (1H t m). 5.85 (1H, m), 5.16 (1H. m), 5.04 
<1H, m), 4.33 (1H, m). 3.45 (2H. m), 3.17+2.89 (3H, s). 1.98 (3H, s), 1.69-1.42 
(2H, m), 1.49 <18H, s), 0.87 (3H t m); Mass Spec (Low resolution): MH+ » 708, 
MH* - BOO 608, MH+-2BOC = 508; 

Man analysis: C37H49N5O9. 0.75H2O. Required C. 61.61; H, 7.06; N, 9.71. 
Found: C. 61.81; H. 6.85; N, 9.73. 

b) (4S f 5R,6R)-5-Acety1amino^meth^ 
dihydn>4H-pyrafv2-carboxylic acid trifkjoroacetate salt 
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(4S,5R,6R>-5-Ac«1ylaminc-^,3-bis<tert^ 

(methylpropytearba^ acid benzhydryl 

ester (0.11g) was dissolved in dichiorornethane (1ml) and tnfluoroacetk: add 
(1ml) and left to stand for 3 hours. The solvent was removed in vacuo and the 
residue was triturated using diethyl ether. The solid was collected by filtration 
and dried to give the title compound as a white solid. (0.061 g) NMR 
(250MHz, D 2 0) 6.00 (1H, d, J«4Hz), 5.34 (1H. d, J**.3Hz), 4.43-4.29 (2H, m). 
3.56-3.13 (2H, m), 3.13,2.93 (3H, 2xs), 200 (3H. s), 1.79-1.44 (2H, m), 0.88 
(3H. m); Mass anarvsis:C 16 H24F 3 N507. Required C, 42.20; H, 5.31; N15.38. 
Found C, 42.24; H, 5.45; N, 15.09; Mass Spec (Low resolution):MH+ = 342. 

The following Examples 3-39 were similarly prepared by the methods described 
in Examples 1 and 2: 

Example 3 

(43.5R.6RV5-acgtv1amino-4-amino-6-of T^ 
carboxvlic acid trifiuoroacetate aatt 

1 H NMR (250MHz, 0*0) 6.00 (1H, d, J=2.5Hz). 4.54 (1H. d. >10Hz). 4.42 (1H, 
t, J=9.4Hz), 4.27 (1H, dd, J*2.5, 9.4Hz). 3.18 (2H, t J-7Hz). 2.03 (3H, s), 1.51 
(2H, sextet, J=7Hz). 0.88 (3H, t, J=7Hz). 

Example 4 

(4S.5R.6Ry-5-AcetvlOTino.6-rjrc^^ 
pyran-a^affaowlie arid MftfOf^^ m 

1H NMR (250MHz, O2O) 5.88 (1H, d, J»4.5Hz). 4.83 (1H, d), 4.51 (1H, t 

J=4.4Hz), 4.28 (1H, t JM.4Hz), 3.17 (2H, m), 2.02 (3H, s). 1.49 (2H, m, J»7Hz). 

0.88 (3H, t, >7Hz). 

Mass spec (Low resolution): MH*=328. 

Mass analysis 

C15H22F3N5O7. 0.15C 4 H 10 O. Required: C.41.16; H, 5.27; N. 15.39. Found: 
C, 41.24; H. 5.41; N, 15.12. 

Examples 

MS.5R.6Rl-5-AcetvtaniirK>4^ino-6-di oropv^ 
2 -carboxvlic acid tnfluofoacetala salt 
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1H NMR (250MHz, DrOMSO) 830 (1H, d), 6.01 (1H. d), 5.14 (1H, d), 4.37 (1H, 
q), 4.22 (1H, m), 3.55 (2H m), 3.32 (1H, m), 3.15 (1H, m), 1.80 (3H, $), 1.65- 
1.40 (4H, m). 0.85 (6H, m). Mass spec (Low resohjtion):MH + =328 Mass 
analysis: C17H25F3N3O7. H 2 0. Required: C, 44.44; H, 8.14; N, 9.15. Found: 
C, 44.72; H, 6.22; N, 9.35. 

Examples 

(4S.5R.6RV5-Acetvlaniinc^mi^^ 
carboxvlic acid trifluomacatate **n 

1H NMR (250MHz. D2O) 5.95 (1H, bread d), 5.16 (1H, d, J«10Hz), 4.48 (1H, t, 
J=8.5Hz), 4.27 (1H, dd, J«1, 8.5Hz), 3.70-3.10 (4H, m), 2.01 (3H, s), 1.70-1.20 
(8H, m), 0.90 (6H, t, J=7.5Hz).Mass spec (Low resolution): MH+=356 
Mass Analysis: C19H30F3N3O7. Required C, 49.30; H, 6.58; N, 9. 17. Found: 
C, 48.61; H, 6.44; N. 8.95. 

Example 7 

(4S.5R.6R)-S-Acetv<anTir»4-ami^^ fi^ihvHr MH . 
Dvran-2-cafboxviic add trffliioroacBtale salt 
1 H NMR (250MHz, DrOMSO, rotamers) 

8.1 (1H, two d). 5.8 (1H. d), 5.0 (1H, two d), 4.1-3.3 (4H, m). 3.0*2.8 (3H, two s), 
1.8 (3H. s). 1.6-1.1 (16H,m), 0.9 (3H, t).Mass spec (Low resolution): MH*=398 
Mass analysis 

C22H36F3N3O7. Required: C, 51.7; H, 7.0; N, 8.2. Found: C, 52.36; H, 7.27; N, 
8.68. 

Example 8 

(4S.5R6«VS.Acetvlamino«*-amiri^ 
4H-ovrarv2-cart»xv<ie add trtfluoreacatate salt 

1 H NMR (250MHz, P2O) 7.4-7.2 (5H. m), 5.96+5.80 (1H, 2xd), 5.17 (1H. d. 
J=7.SHs), 4.6-Z8 (15H, m), 2.01+1.99 (3H. 2»), 1.7-1.5 (2H, m). 0.86 (3H, t, 
J»7.5HZ* 

Man spec (Low resolution): MH + =390 
Mass analysis 

C22H28F3N3O7. Required: C, 52.68; H, 5.61; N, 8.35. Found: C, 53.05; H, 
5.74; N, 8.41. 
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Example 9 

(4S.5R.6R)-5^Marnino^.«miiw^matho»^ 
4H-Dvran-2-cafboxvtic add trifhjoreacatata salt 

1 H NMR (250MHz. O2O, rotamers) 6.00 (1H, d, J»2.5Hz). 5.23+5.07 (1H, d, 
J*10Hz), 4.48 (1H, t, J=10Hz), 428 (1H, dd. J»2.5. 10Hz), 3.80+3.71 (3H. two 
s), 3.48+3.26 (3H, two s), 2.04+2.02 (3H, two s). 
Mass spec (Low resokJtion):MH + =288 

Mass analysis C13H18F3N3O8. 0.75H2O. Required: C, 37.64; H, 4.74; N, 
10.13. Found: C. 37.65; H, 4.75; N. 9.95. 

Example 10 

MS.5R.6RV-5-Acetvlamino-4-amino-6-(2 5-di^ 
dihvdro-4H-Pvran-2-cartxa)cvtic acid trifl uoroacetata salt 

1H NMR (250MHz, D2O. rotamers) 5.95 (1H, d), 5.10+4.98 (1H. d). 4.58+4.48 
(1H. t), 4.4-4.2 (2H, m), 4.0 (1H, m), 2.2-1.9 (3H. s + 2H. m), 1.9-1.7 (2H, m), 
1.35-1.22 (6H,m). 

Mass spec (Low resolution): MH + =326 
Mass analysis 

C17H24F3N3O7 Required: C.47.47; H, 5.51; N, 9.56. Found: C, 46.91; H, 5.77; 
N, 9.61. 

Example 11 

r4S.5R.6RV£-Ac«tv<amincH6^i^ 
ovran-2<arboxv<ic acid trifhjoroacetate salt 

1 H NMR (250MHz, D2O) 6.01 (1H, d. J=3Hz), 5.34 (1H, d. J=€Hz). 4.38 (2H. 
m), 3.15 (3H, a), 2.95 (3H. s). 201 (3H. •). 
Mass spec (Low resolutJon):MH+*314 

Mass analysis C14H20F3N5O7.O.IH2O. Required: C. 39.62; H, 4.89; N, 16.04. 
Found: C, 39.57; H, 4.85; N, 15.81. 

Example 12 

MS.SR.6RVS.Acetvtarnino*«-amino^ 
Dvran-2-caffaoxvlie acid trifluoroacetata salt 
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1H l«4MR(OrOMSO^S0MHz)0.8S(6H,m) l 1.25(2H,m), 1.35-1 .70(4H,m), 
1.81(3H,s), 2.95-3.60(4H,m),4.04<1H,d of d), 4.18(1 H,q), 4.98(1 H,d of d), 
5.81(1 K»), 8.18(1 H,d.J»7.5Hz) 
Mas* spec (Low resolution)MH+s 342 

Mas* analysis Ci8H28F3N307.Required: C, 47.47; H. 6.20; N, 9.23. Found: C, 
47.63; H, 6.23; N, 9.15. 

Example 13 

J4S SR.6RV*caMamino^m ino^tethvl^ 
carboxviic acid trifluoroacetate salt 

iH NMR((VDMS0.250MHz) 1.00(3H.t f J=7.5H2) l 1.15(3H,t l J-7.5Hz). 1.80(3^8), 
3.10-3.60(4H,m), 4.07(1 H.dd), 4.23(1 H,q,J=7.5Hz>, 5.00(1 H.d.J»7.5Hz), 
5.88(1 H,d,J=2.5Hz). 8.1 8(1 H.d,J»7.5Hz) 
Mast spec (Low resolution):MH + = 300 

Mass analysisCi^iNaOs. 1.2 C2HF3O2. Required: C. 42.41; H. 5.13; N, 9.63. 
Found: C. 42.33; H, 5.25; N, 9.66. 

ftwmptt 14 

MS SR 6RlS-AcatdOTirio~4^irK>^e^ 
ovran-2-carboxvlieacid tri fluoroacetate salt 

1H NMR(D r OMSO.250Mrte)0.83(3H 1 m), 1.00(1H,U=7.5Hz). 1.15(2H,U=7.5Hz). 
1.40-1.63(2H.m). 1.80(3H,s), 3.00-3.6O(4H 1 m), 4.08(1H.m), 4.23(1 H,m.J=7.5Hz). 
5.00(1 H.U=7.5Hz). 5.87(1H,t). 8.18(1H,m) 

Mass analysisC-t6 H 24 F 3 N 3°7- ^29- Rsquired: C, 43.15; H. 5.88; N, 9.43. Found: 
C, 43.4.1; H, 5.73; M, 9.22. 

us sr sRw; r^ mnirT 1 n^ 8n ^^ 3 ^ wnvto ^^'^^^ m ^ V5 ^ 

Hih < ^roUH-ovnirv2-earbQxv<ic add trifluoroacetate salt 

1 H NMR (250MHz. OjO. rotamers ) 7.3 (5H, m), 6.00 ♦ 5.85 (1H. 2 x d), 5.25 t 

4.5 ♦ 42 ♦ 4.1 (3H mX 3.7 - 3.1 (4H, m), 2.6 (2H, m), 22 - 1 .5 (4H, m). 2.0 (3H, 

$),0.9(3H.2xt) 

Mass analysis Ct&fMh' HjO. Required: C, 51.6; H, 6.0; N. 7.85. Found: 
C, 51.86; H, 5.84; M, 7.78. 
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Fffiimpto 1fi 

MS.5R.6RV£-AceMflmrv>4^ino-64rra^ 
pvran-2-cart>oxvtie acid trifluoroaceteta gatt 

1 H NMR (250MH2, Dr-DMSO+TFA) 8.15-8.35 (3H,m), 5.92 (1H,d). 5.04 (1H,d), 
4.27 (1H,q), 4.13 (IH.broad •). 3.47 (2H,m), 2.95-3.30 (2H,m), 1.83 (3H.S), 
1.40-1.70 (4H.m), 1.25 (12H.8). 0.85 (6H,m). 

Mass analysis OaH^F^Oj. 0. 5H 2 0 Required: C, 51.68; H. 7.35; N, 7.86. 
Found: C, 51.84; H, 7.45; N, 7.80 

Example 17 

f4S.5R.6Rl5^cetvlamiryv4^mirx>^cvdo^ 
dihvdro-4H- ovran-2-carboxv1ic add triftuoroacetate salt 

1 H NMR (250MHz, DjO, rotamers) 6.01 (1H. d. J=2.5Hz), 5.24 (1H. t. J=9.5Hz). 
4.51 (1H. L J=9.5Hz), 4.35-4.25 (1H. m). 3.70-Z95 (4H. m). 2.02 + 1.99 <3H. 2 x 
s). 1.75-1.50 (2H, m). 1.1-0.9 (1H, m). 0.9-0.8 (3H. 2 x t). 0.65-0.45 (2H. m). 0.4- 
0.15 (2H. m). 

Mass spec (Low resolution): MH*=340 

Mass analysis CnHrfJh 0 !- Required: C. 46.75; H. 5 84; N, 9.09. 

Found: C, 46.80; H, 5.84; N, 9.19. 

Example 18 

(4S.5R.6RV 5tAcetvlamirx>-4^ino-6-(2^2^^ 
5.6^ihvoYo-4H-Pvraiv2-<arboxvtie add 

1 H NMR (DaO): rotamers 8.65 (1H, m), 8.5 (1H, m). 7.92 (2H, m), 5.95 (1H. d). 
5.19 (1H, dX 4.4 (1H, t), 4.20-4.0 (2H. m), 3.7-3.5 (1H, m). 3.35 (2H. m). 
3.25+3.0 (3H. s), 2.0 (3H. s); 
Mass spec (Low resolution): MH*«363; 

Mass analysis C^ 1 H^i 4 0 i 2CJHF^0 i . Required: C 42.72; H 4.10; N 9.49. 
Found C 42.90; H 4.25; N 8.94. 

Example 1ft 

/4S.SR.fiRWS^Acetvlamirio-4-aniinc^ 
4H-ovran-2^arboxvlic add 
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1 H NMR (DjO): rotamers 5.95 (1H, m), 5.23 (1H, d, J=10Hz), 4.50 (1H, t, 
J=10Hz), 429 ( 1H, dd, J»2.5,10Hz), 4.22-3.71 (3H, m), 3.56^3.42 (1H, m). 2.02 
(3H, 8), 1.80-1.49 (2H, m), 1.24 (3H, t, J=7Hz). 0.88 (3H, t J»7.5Hz); 
Mass spec (Low resolution): MH*=330. 

Mass analysis C ia H 24 F 3 N 3 0 e . Required: C 43.34; H 5.46; N 9.48. Found: C 
42.10; H 5.55; N 9.42. 

Example 20 

f4S.5R.6RV£-Acetylamirw-4-aminc^phere^ 
4H-ovran-2-cafpoxvlic acid trifluoroacetate salt 

*H NMR (250MHz, 0,-DMSOTFA, rotamers) 8.20 (1H,m), 7.10-7.45 (6H,m), 
5.86 (1H,s), 4.99 (1H,m), 4.25 (1H,m). 4.05 (1H,m), 3.10-3.80 (4H.m), 2.70-3.00 
(2H, dm), 2.08 (2H.s), 1,82 (3H,d), 0.90-1 20 (3H,dm). 
Mass analysis. C^H^^Oj. 0. 5^0 Required: C, 50.60; H, 5.46; N, 8.43. 
Found: C, 50.54; H, 5.45; N, 8.33. 

f4SSR_6Rl-5.AceMafflino^mino-6-rhvd 

dihvdfo-4H-ovran-2-carboxv1k: add trifluoroacetate salt 

1 H NMR (250MHz. Dt-OMSO+TFA, rotamers) 8.10-8.65 (4H.m), 6.04 (1H,d), 

4.95-5.20 (1H.2x d). 4.60-4.70 (1H,m), 4.00-4.60 (2H.m), 3.05-3.70 (4H,m), 2.95 

(1H,m), 1.90 (3H,d). 1.60-1.75 (2H,m). 125-1.5 (3H,d oft). 

Mass analysis CnH^NjCV 1.5 C,HF,0,. 0. SHjO. Required: C, 40.08; H, 5.05; 

N.8.25. Found: C. 40.03; H, 4.90; N. 8.09. 

Examolj22 

r4S.SR.6RV^ fteatvlarnino-»-ariwno^ 
dihvdro^HH»vrar>2-cartx»v1fc add 

'H NMR (250MHz DjO): 7.3 (1H. d). 7.0 (1H. m), 6.93 (1H. d). 5.93 (1H, d). 4.45 
( 1H, dX 4.41 (1H, t), 4.42 (1H. dd), 3.65-3.4 (2H. m), 3.05 (2H. t). 2.0 (3H. s); 
Mass spec (Low resolution): MH*=354; Mass analysis 
CjHF^».0.75H2O. Required: C. 42.46; H. 4.51; N, 8.74; S. 6.7; Found: C. 
42.55; H, 4.65; N, 9.17; S. 6.9. 
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Example 23 

MS.5R6Rl5-Acetvtamin&^mino-64^ 
2-carboxvtic add WfluofoaeetatB salt 

1 H NMR (250MHz, OrOMSOTFA) 8.25 (4H,m), 5.60-6.00 (3H,m). 5.00-5.30 
(5H,m), 3.65-4.40 (6H,m), 1.83 (3H,s). 

Maw analysts C^HhFjN,^. 0.75HjO. Required C. 45-29; H, 5.25; N. 9.32. 
Found: C. 45.39; H, 5.36; N. 9.33. 

Example 24 

MS.5R.6Ry^-AcetvlamirK>-4-aminc^phenethvliso 
dihvdro-4H-ovran-2<artx3xv1ic acid trifluoroacetate salt 
1 H NMR (250MHz, D 2 0, rotamers) 7.2-7.45 (5H, m), 5.96 + 5.85 (1H, 2 x d), 
5.20 (1H, d, J=9Hz), 4.63 (1H, t,J=8Hz). 4.40 (1H, d, J=7Hz), 4.23 (1H, dd, >7, 
3Hz), 4.16 (1H, t, J-7.5H2). 4.07 (1H, dd, J»7, 3Hz), 3.91-3.55 (1H, m), 3.37 
(1H, dd, J«15. 7Hz), 3.17 (1H, m), 3.06 (1H, dd, J*15, 7Hz), 2.96 (1H, t, 
J=7.5Kz), 2.01 ♦ 1 .98 (3H, 2 x s), 0.95-0.80 (6H, m). 
Mass spec (Low resolution): MH*=404 

Mass analysis C^Hy^^Oy. 0.25HjO. Required: C, 52.92; H. 5.89; N, 8.05. 
Found: C. 52.87; H. 5.93; N, 7.92. 

Example 25 

(4SSR.6RV3^cetvtamirv)-4-amiric^(2-nart 

-5.6-dihvdrc-4H-Pvrarv2.cafPoxvlic add trtfluoroaeetate salt 

1 H NMR (250MHz, DrOMSO, rotamers) 8.4-7.4 (8H, m). 5.85 (1H, 2 x d), 5.05 

(1H, 2 x d). 4.4-3.0 (6H, m). 1.85 + 1.80 (3H, 2 x s). 1.6-1.4 (4H, rn), 0.85 (3H, 2 

xt). 

Mass spec (Low resolution): MH*=440 

Mass analysis C^HaNjOj. 0.9 CjHFjOj. Required: C, 57.16; H, 5.56; N. 7.75. 
Found: C, 57.1; H, 5.8; N, 7.55. 

ExsjQpJfJS 

MSSRgRVS^eaMaminoU-am ino^N.N'-dlethvIr^ 
dihvdri»4H-pvran.2^arboxvlic add trifluoroacetate salt 
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1 H NMR (250MHz, Dc-OMSO) 8.0 (1H, d. J=7.5Hz). 5.8 (1H, d), 5.5 (1H. d. 
J=9Hz). 5.05 (1H. br t), 4.25 (1H, q), 4.1 (1H, dd), 3.5 (2H. m). 2.8 (3H. m), 1.8 
(3H. s), 1.1 (3H. t),1.0 (3H.t) 
Mass spec (Low resolution): MH*=31 5 

Mass analysis C 13 H22N 4 O s . 1.15 CaHFjO,. Required: C. 41.25; H. 5.24; N. 
12.58. Found: C. 41.0; H, 5.7; N, 12.3 

Example 27 

MS.SR.6RV-5-Acetvtamirx)-4^mino^hvdrera 
dihwire^H^vran-2-caftaoxvlieaeid trifluoroacetate salt 
1 H NMR (250MHz, D.-OMSO+TFA, rotamers) 8.25 (4H,m), 7.10-7.50 (6H.m). 
5.93 (1H,s), 4.90-5.20 (1H.m), 4.00-4.60 (3H,m). 3.10-3.90 (5H,m), 2.95 (1H,m). 
2.75 (1H,m), 1.85 (3H,m). 

Mass analysis C2 1 H 38 F 3 N 9 0 B . 0. SHjO Required: C, 49.03; H, 5.29; N 8.17. 
Found: C, 49.04; H, 4.91; N, 7.45. 

Example 28 

MS 5R 6RV£-A^Marruno-4-amirK>^ethvti«^ 
4H-pvran-2-tarbQxvlic add trtfluoroacetata salt 

1 H NMR (250 MHz, OrOMSO); 5.99 (1H, m), 5.30, 5.13 (1H, 2d, J=8 Hz), 4.80- 
4.00 (3H, m), 3.42, (1H, m) 3.27 (1H, m), 2.01 (3H, S), 1.30-1.03 (9H, m); 
Mass spec (Low resolution): MH + »314; 

Mass analysis C^H^FjN,^. 0.4 HjO) Required C, 44.22; H, 5.75; N, 9.67. 
Found: C. 44.17; H. 6.00; N, 9.56. 

Example 29 

MS.SR.6RVS-Acetvlamiric^mira^ 

oroovlcarbamovn-S 6-dfrvdro-4H-ovr^2<artx^ic acid trifluoroacetate salt 
1 H NMR (250MHz. CVOMSO. rotamers) 8.20 (1H, 2 x d, J=8.7Hz), 7.18 (2H, 2 x 
d), 6.88 (2H d, J«8Hz), 5.84 (1H, s), 4 99 (1H. t J=8Hz). 4.20 ♦ 4.04 (2H. 2 x 
m). 3.72 (3H. »). 3.1-2.6 (6H, m). 1.82 ♦ 1.80 (3H, 2 x s), 1.6 - 1.4 (2H, m), 0.81 
(3H.2xL Ja6Hz) 

Mass spec (Low resolution): MH*=420 

Mass analysis C^H^NsC), Required: C, 51.78; H, 5.67; N, 7.88. Found: 
C.51.69; H. 5.93; N.7.90. 
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( AS SR 6R\^e^amlfy>4^mino^2^44ivdroxvphefTv»^thvn 
nrf»vtairbarrMv1l5.6^ih^ add trtfluoroacetate salt 

NMR (250MHz, OrOMSO, rotamers) 9.22 (1H. br s), 8.20 (1H, m), 7.04 (2H, 
m), 6.68 (2H, d, J-7.5HZ), 5.87 (1H, br s). 5.01 (1H, d, J*8.5Hz), 4.22 ♦ 4.06 
(2H. 2 x m). 3.1-2.6 (6H, m), 1.82 ♦ 1.80 (3H, 2 x 8), 1.65 - 1.0 (2H. m). 0.8 (3H, 
m). 

Mass spec (Low resolution): MH*=406 

Mass analysis C 22 H 28 F 3 N 3 08. Required: C, 50.87; H, 5.78; N, 8.09. Found: C, 
50.61; H, 5.93; N, 7.90 

Example 31 

r4S.SR.6RV3-A «M«mir M >4^irtt^2^ipr^^ 

dihvdrt>-»H-ovrarv2-cart>oxvlic acid trifluoroaeetate salt 

1 H NMR (250MHz, OrOMSO rotamers) 8.24 (1H, br), 7.70-7.55 (9H, m). 5.91 

(1H. m), 5.06 (1H, t), 4.31 (1H, m), 4.21 (1H, m), 3.8 • 2.8 (6H, m), 1.84 + 1.81 

(3H, 2 x s), 1 .6 -1 .4 (2H. m), 0.81 (3H, m). 

Mass spec (Low resolution): MH*=466 

Mass analysis CaHaaFaNsCy HjO. Required: C. 56.28: H, 5.73; N, 7.03. 
Found: C. 56.43; H. 5.57; N, 6.81 

faainp'e 32 

f4SSR.6RVS-A ^«mirK»4-amino^24^^ 

Drocvtcflfteam ovn-5 6^ihvdre^H-ovnMw2-carboxvlle add trifluoroaeetate salt 
1 H NMR (250MHz, OrOMSO rotamers) 8.21 (1H. m), 7.61 • 7.33 (3H. m), 5.81 
(1H, s), 5.08 ♦ 4.99 (1H. 2 x d. J*8.5Hz), 4.19 (1H, m). 4.03 (1H, m), 3.73 - 2.73 
(6H, mi 1.81 ♦ 1.79 (3K 2xs). 1.61 - 1.40 (2H. m), 0.81 (3H, m). 
Mass spec (Low resolution): MH*=458 

Mas* analysis Cj&fitfsNfr Required: C, 46.17: H. 4.58; CI, 12.39, N, 
7.34. Found: C, 46.85; H, 4.93; CI, 12.6; N, 7.10 

f4S SR 6RVf i ACTtYlnmin? 4 flmincv6-ff2.f4-bergvlHhanvl^thvn 
^^ C afta^^S 6^ir^^^ft^H-o^^^2^ftx«tvlie add trifluoroaeetate salt 
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1 H NMR (250MHz, DrOMSO rotamers) 8.30 - 8.15 (4H, m), 7.30 - 7.1 1 (9H, m), 
5.89 (1H. s), 5.01 (1H, 2 x t), 424 -4.09 (2H, m), 3.90 (2H, s). 3.7 . 2.4 (6H, m), 
1 .82 + 1 .80 (3H, 2 x s), 1.60 - 1.38 (2H, m), 0.78 (3H, 2 x t). 
Mass spec (Low resolution): MH*=480 

Mass analysis CaH^FjNjOr. 1.1 HaO Required: C, 56.78; H, 5.95; N, 6.85. 
Found: C, 56.61; H, 6 04; N, 6.89 

E*arpg<e34 

MS.5R.6RV£nAceMamino**-amiiY^f2^o^ 
dihvdro-4H-ovrafv2-cafbQw1ic add trifluo reaeetate salt 

1 H NMR (250MHz. DrOMSO 8.20 (1H. 2 x d); 5.81 (1H, bf s). 4.97 (1H. t, J= 
7Hz). 4.25 - 4.0 (2H. m), 3.5 - 3.0 (4H. m). 1.80 (3H, s). 1.7 - 0.7 (18H, m). 
Mass spec (Low resolution): MH*=396 

Mass analysis CaH^NjOy. O^SHjO. Required: C, 51.41; H. 6.77; N. 8.15. 
Found: C. 51.44; H, 6.78; N. 8.15 

Example 35 

(4S.5R.6RV^cetvlamino-4^in()^f2vifl or^ 

eJhjdtaspjdcjAaiQOj^ 
salt 

1 H NMR (250MHz, DrOMSO rotamers) 8.26 (1H. m). 7.9 - 7.74 (4H, m), 7.54 - 
7.38 (3H, m), 5.88 + 5.84 (1H, 2 x d), 5.08 ♦ 5.02 (1H, 2 x d), 4.25 (1H, m). 4.08 
(1H. m). 3.8 - Z8 (6H + H 2 0, m), 1.82 + 1.80 (3H, 2 x s), 1.65-1.40 (2H, m), 
0.81 (3H, m). 

Mass spec (Low resolution): MH*=440 

Mass analysis CaHaoFjNjO?. 0.8830. Required C, 57.94; H, 5.66; N, 7.92. 
Found: C. 57.88; H, 5.78; N, 7.63 

Example 3S 

(4S.Sft8RV*Acatvlam8r)o^»^ 
dihydm^OiawTtn-g-CTf^Byllff fffrfl 

1 H NMR (0,0): rotamers d 7.45 (5H, m), 5.76+5.62 (1H, d, J*3Hz). 5.55+4.30 
(1H, d, J=8Hz). 4.51*4.12 (1H. t J*8Hz), 4.16*4.05 (1H, dd. J*3, 8Hz), 3.82 
(1H, m), 3.56 (1H, m), 3.05 (1H, m), 2.95 (2H, m), 2.05+1.85 (3H, s), 1.06+0.72 
(4H,m); 
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Mass spec (Low resolution): MH*=388; 

Mass analysis C20H2SN3O5.C2HF3O2. Required: C 52.81; H 5.73; N 8.38. 
Found: C 52.54; H 5.41; N 9.19. 

Example ?7 

MS.SR6RV5^C8Mamino^rvy^cxTio^carfaamo^V^^ 
4H-ovrafv2-carboxvlic add trtfluoroacetate salt 

'H NMR (250MHz. DrOMSO+TFA) 8.82 (1H.m), 7.30-7.70 (3H,m), 6.02 (1H.d), 
5.32 (1H.d), 4.10-4.40 (2H,2x m), 3.10-3.70 (5H.m), 205 (3H.S), 1.55-1.80 
(4H,m), 1.41 (12H.S), 1.02 (6H,m). 

Mass analysis C^H^Oj. 1.1 CHFjOj Required: C, 50.20; H. 6.98; N 12.10. 
Found: C. 50.09; H. 6.77; N. 12.08. 

Example 38 

f4S.SR.6RlS^cetvtamir>o^f2-cvdohex^ 

5 6-dihvdro^H-ovran-2-carboxvlie add Wfluomaeetata salt 

1 H NMR (250MHz. OrOMSO 8.66 (1H, m). 8.0 -7.0 (4H. m). 5.82 (1H, d. J= 

2Hz). 5.15 (1H. d. J=2Hz), 4.19 (1H. m). 4.01 (1H. m). 1.89 (3H, s). 1.75 - 0.80 

(17H. m). 

Mass spec (Low resolution): MH*=438 

Mass analysis CtJt^F^Oj H 2 0. Required: C, 48.6; H, 6.6; N. 123. Found: 
c. 48.5; H. 6.4; N. 11.8. 

Example 39 

MS 5R 6RV-5-AcaMamin(>64f4^iPhcr^ 
5.6^ihvdfo^HH3vfarv2-cart)Oxv1ie add trifluoroacatate salt 
1 H NMR (250MHz. CVOMSOTFA. rotamars) 8.74 (1H.m). 7.00-8.00 (13H.m), 
5.90 (1H,m). 5.20 (1H,d of d). 4.00-4.30 (2H,m), 3 62 (1H,m). 2.70-3.50 (5H.m), 
1 .92 (3H.d). 1.60 (2H,m). 0.88 (3H.m). 

Mass analysis OzoHjaFaN^Oy. OJSHjO Required: C, 54.84; H, 5.63; N 11:03. 
Found: C. 55.06; H. 5.53; N. 10.69. 

Example 40 

MS. SR. 6RV^AP8Mamino^lprcovtearbarra^ 
pvran-2-carboxvlic add trtfluoroacetate salt 
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To a suspension of (4S,5R,6R)-5-ecetytantirK>4^ 
propy1}^,6^ihydro-4H-pyran-2-^^ acid trihydrate (7.8g) in methanol 
(60ml) was added (tart-butoxycartxxrylinrUnoH>yrazol-^ -yt-mathyt-cartamic acid 
tert-toutyi aster (7.05g ( ) and triethyiamine (4.18ml). The reaction was stirred at 
23 # C for 18 hours. Diethyl ether (200ml) was added and the resultant solid was 
collected by filtration to give a white solid. This was suspended in a solution of 
diphenyidiazomethane in dichloromethane (48ml of a 0.47M solution), acidified 
using 2N hydrochloric add and stirred rapidly for 18 hours. The organic phase 
was separated and the solvent removed in vacuo to give a purple foam. This 
was chromatographed over silica gel (Merck 9385, 80g) using medium pressure 
(~4psi) and ethyl acetate as eluant The required fractions were combined and 
the solvent removed in vacuo to give the title compound as a white foam. 
(11.10) 1 H NMR (250MHz, Dt-OMSO) 11.40 (1H, a), 8.28 OK d, J=7.5Hz), 8.21 
(1H, d, J=8Hz), 7.49-7.27 (10H, m), 6.88 (1H, s), 5.97 (1H, d, J=2.5Hz). 4.88 
(1H, m) f 4.68 (1H, d, J*6Hz), 4.63 (1H, d, J=6Hz), 4.36 (1H, t, J=6Hz), 4.25 (1H ( 
m), 4.12 (1H ( m), 3.69 (2H, m), 3.44 (2H, m), 1.87 (3H, s), 1.48 (9H, s), 1.42 
(9H, s); Mass analysis: 

C35H46N4O11. 0.5C 4 H Q O2. O.3H2O. Required: C, 59 39; H, 6.82; N, 7.49. 
Found: C ( 59.41; H, 6.46; N, 7.43. 

b) (2R,3R t 4S)-3-Acetylamir^^ 
dihydro-2H-pyran*2,6-dicart>oxy1ic add 6-benzhydryl ester 

To a solution of (4S,5R,6R)-5-acetytamino-4^3-bis^ 
guanidino]^1R,2R,3-trthydrQ^ acid 
benzhydryl ester (9.19g) in methrol/water (5:1 v/v, 120ml) was added sodium 
periodate (6.38g) and the reaction was stirred at 23*C for 1.5 hours. The solid 
was removed by filtration and the filtrate was evaporated in vacuo to give a 
white soBd This was suspended in t-butanol (55ml) and cydohexene (7.7ml). 
To ttts was added a solution of sodium chlorite (8.14g) and potassium 
dihydrogen orthopho s phate (8.14g) in water (44ml) and the reaction was stirred 
at 23*C for 2 hours. The reaction was acidified and extracted using ethyl 
acetate. The combined organic extracts were dried over anhydrous magnesium 
sulphate and the solvent was removed in vacuo to give a tan foam. This was 
dissolved in diethyl ether and petroleum ether (40-60) was added the solid was 
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collected by filtration to give the mm compound as a white solid. (6.00g) 1 H 
NMR (250MHz, OrOMSO) 11.39 (1H. s), 8.27-8.17 (2H. m), 7.50-7.27 (10H, m). 
6 96 (1H, s), 6.19 (1H. d. J*5Hz). 4.82 (1H. d, J«4Hz). 4.53 (1H, m). 4.43 (1H, 
m) 1 83 (3H. s). 1.47 (9H. s). 1.41 (9H, s); Mass analysis: C33H40N4O10- 
0.75C 4 H8O2. Required: C. 60.16; H, 6.45; N, 7.79. Found: C. 58.95; H. 6.21; N. 
7.80 Mass spec low resolution) : MH* =653. 

c) (2*3R.4SHWScetylamno-4H2.3^ 

dir^ro-2H-pyran-2.«karboxylic acid 6*enzhydryl ester 2^2,3,4,5,6- 
pentafluorophenyl) ester 

To a solution of (2R,3R.4S)-3-Acetylaminc^2.3*is(t^ 
guanidino^.4-dir^2Hi)yr8fv2.6^icarbo X ylte acid 6-benzhydryl ester (4.4g) 
in dry diinethylfonnamide (10ml) and pyridine (0.70ml) was added 
p^tafluorophenyl trifluoroacetate (1.27ml) and the reaction was stirred at 23 C 
tor 1 hour More pyridine (0.70ml) and pentafluorophenyl trifluoroacetate 
d 27ml) was added and the reaction was stirred for a further 2 hour*. The 
reaction mixture was diluted using ethyl acetate and washed consecutively 
using 1N hydrochloric add, saturated sodium bicarbonate solution and bone. 
The organic phase was dried over anhydrous magnesium sulphate and the 
solvent was removed in vacuo to give the crude title compound, as a tan foam. 
(B.11g); 1 H NMR (250MHz, CVOMSO) 

9 97 (1H. broad s). 7.49-7.27 (11H. m). 6.91 (1H. s). 6.52 (1H, m). 4.93 (1H, m). 
4.58 (1H. m). 4.47 (1H, m). 1.88 (3H. s). 1.42 (18H. s). 

d) (4S5*6R)**cetylarflirK>^ 

apropylcarba*^^ M 

To a solution of (2*3R.4S>^caty1amiTX>^2.^ 

QuankSnoV3 4^ihydro-2H-pyn^2.6Kiic^^ acid 6-oenzhydryl ester 2- 

fzl^^rtofluorc^ ester (0.70g) in dry tetrahydrofuran (5m.) was 

L^d^T^g) ar*tr*reac*on was stored at 23'C for 4hours. 

The solvent was removed in vacuo and the residue was 

silica gel (Merck 9385. 50g) using medium pressure <-4ps.) and 

cydcJL/ethyt acetate (1:1 vM astheeluant The required fr«*on. were 
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combined and the solvent removed in vacuo to give the ffllf WfT1P9*ffld a* a 
pale yellow fa""- (0.341 g). 1 H NMR (250MHz. Dt-OMSO) 11.46 (1H, 8), 8.27 
(1H, d, J^^5Hz), &16 (1H, d, J»7.5Hz). 7.48-727 (10H, m). 6.97 (1H, s). 6.14 
(1H, d, J«5Hx). 5.18 (1H, m). 4.67 (1H. m). 4.10 (1H, m). 3.61-324 (3H. m). 
3.14 (1H. m). 1.84 <3H, S), 1.60-1.34 (4H. m), 1.46 (9H, $). 1.40 (9H, 3). 0.85 
(3H, t, J»7Hz), 0.74 (3H, t, J«7Hz); Mass Analysis; 

C39H53N5O9. I.OC6HF5O. Required: C, 58.75; H, 5.92; N, 7.61. Found: C, 
58.64; H, 5.75; N, 7.61. 

e) (4S,5R,6R)-5V^C8tylamino^ipropylcarbafnoyM^uarklir^,6^ihydro- 
4H-pyran-2-carboxylic acid trifluoroacetate salt 

(4S.5R,6R)-5^Acetylarranc-4-t2,3^s^ 

dipropv1carbaiw>yW.6-dihydro-4r^ acid benzhydryl ester 

(0.32Q) was dissolved in dichloromethane (2ml) and trffluoroacetic acid (2ml) 
and left to stand at 23*C for 2 hours. The solvent was removed in vacuo and 
the residue triturated with diethyl ether (20ml). The resulting solid was collected 
by filtration and dried to give the title compound as an off-white solid. (0.1 58g) 

1H NMR (250MHz. O2O) 5.97 (1H. d, J*3.8Hz). 5.29 (1H. d. J=6.3Hz). 4.41 
(1H. dd, J=3.8. 6.3HZ). 4.30 (1H. t J-6.3HZ). 3.63-3.08 (4H. m). 1.99 (3H. S). 
1 66-1 51 (4H. m). 0.9 (6H, m); Mass Spec (Low resotution):MH + =370:Mass 
analysia^i^BFsNsOT- Required: C. 44.72; H.5.84; N.14.49. Found: C, 
44.72; H. 5.87; N. 13.99. 

The following Examples 41-43 were similarly prepared using the method 
described in Example 40: 

Example) 41 

f4S sr fl RVf-^»^'"nifw&^ibi tvtratwnovM^ ianklino-5 6-dihydnHH- 
nwrfwa-eafb rnyne add trifluoroacetate salt 

1H NMR (250MHz. O2O) 5.99 (1H. d. J=3.8Hz), 5.29 (1H. d. J=6.3Hz). 4.39 
(1H. m). 428 (1H. m). 3.5M.12 (4H. m). 2.00 (3H. »). 1.75-1.13 (8H. m). 0.89 
(6H m)' Mass spec (Low resolution): MH*=398 Mass en8Jysis:C2oH32F3N 5 07. 
Requires: C. 46.96; H. 6.31; N. 13.69. Found: C. 46.26; H. 5.94; N. 13.26. 
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Fyamnle 42 

fdS SR 6RV6-AceM*imii*>6 4Dr»nethvlor^^ 
Hihydra^H-pv nin.2-carpoxvtic add trifluoroacetate salt 
1H NMR (250MHz, D 2 0) 7.5-7.2 (5H, m), 5.98+5.85 (1H, 2xd). 5.28 (1H, d, 
J=6.5Hz), 4.6-2.8 (10H. m), 2.00+1.97 (3H, 2xs), 1:6-1.45 (2H, m), 0.86 (3H. t, 
j=7.5Hz).Mass spec (Low resolution) MH + =432; Mass analysis 
C23H30F3N5O7. Requires: C, 50.64; H. 5.54; N, 12.84. Found: C. 50.01; H. 
5.50; N, 12.10. 

Example 43 

f4S.5R.6RV5-AcatvlamirK>^decvlmeth ^ 
4H^vran.2-c arfamrvlie acid trifluoroacetate salt 

1H NMR (250MHz, Dr-OMSO) 8.68+8.59 (1H. 2xd). 7.23 (1H, m), 5.81 (1H, d, 
J=2.5Hz). 5.19 (1H, m), 4.20-4.00 (2H. m). 3.40-3.12 (2H, m). 3.03+2.81 (3H, 
2xs). 1 .87 (3H, 2xs), 1.42 (2H, m). 1.24 (18H, m). 0.87 (3H. m);Mass analysis 
C23H38F3N5O7. 0.33H2O. Requiras: C, 49.37; H, 6.98; N, 15.52. Found: C, 
49.41; H, 6.88; N. 12.51. 

E*flTTOl«44 

UR SR 6RV^<*Mamir*> ^mirrt>64dlOTPvtearbam^^ 
nvran-2-carboxvlic acid 

a) (2R3R,4R>-3^AcetylamirK>4-azido-3,4^ 
acid, 6-methyl ester. 

To a solution of (4*5R,6R)-5-acetylainino-^ 

propyl)^,6KlihyoYo-4Hi>yrarv2-carbc^ acid, methyl ester (WO91/16320) 
(3.95g) in metranoYwater (3:1 vrV. 60ml) was added sodium periodate (5.18g). 
After stMng at 23*C for 17 hours the mixture was filtered and the filtrate was 
evaporated to leave an oranga liquid. The liquid was suspended in tert-butanoi 
(80ml) under nitrogen and a solution of potassium dihydrogen ofthophosphate 
(8.04g) and sodium chlorite (8.04g) In water (40ml) was added. The mixture 
was stirred for 1 hour at 23'C, then was cooled in ice and was decolourised by 
the addition of 20% sodium metabisulphite solution. The mixture waa extracted 
with ethyl acetate (x 3) and the combined organic extracts were dried over 
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anhydrous magnesium sulphate and the solvent was evaporated in vacuo to 
leave the title compound as a brown solid (1.95g). 1 H NMR (250MHz, D r 
DMSO) 8.2 (1H, d, J=8Hz), 5.9 (1H, d, J=3Hz), 4.65 (2H f m), 4.3 (1H, t, 
J=3.5Hz), 3.8 <3H. s), 3.03.5 (1H, broad s), 1.9 (3H t s). Mass spec, (low 
resolution): MH* = 285. 

b) (4R,5R,6R>-5-Acetylamin^ 
4H-pyran-2<arboxylic acid, methyl ester. 

To a stirred solution of (2R,3R t 4R)-3-acetylamirK>-4^ 
pyran-2,6-dicarboxyUc acid, 6-methyl ester (1.75g) and pyridine (0.57ml) in dry 
dimethytformamide (10ml) under nitrogen was added pentafluorophenyl 
trifluoroacetate (1.15ml). After 4 hours at 23*C the reaction mixture was diluted 
with ethyl acetate (250ml) and was washed with dilute hydrochloric acid (x3). 
saturated sodium bicarbonate solution (x 3) and brine. The organic phase was 
dried over anhydrous magnesium sulphate and the solvent was removed in 
vacuo to afford a brown oil which was redissotved In dry tetrahydrofuran (13ml). 
□{propylamine (1.45ml) was added and the reaction was Ml for 17 hours at 
23 # C. The reaction mixture was concentrated and was partitioned between 
ethyl acetate and dilute hydrochloric acid. The organic phase was separated, 
was washed with dilute hydrochloric acid (x 2), saturated sodium bicarbonate 
solution (x 3) and brine. The organic phase was dried over anhydrous 
magnesium sulphate end the solvent was removed in vacuo to afford a brown 
syrup. The syrup was chromatographed over silica (Merck 9385, 100g) using 
medium pressure (ca 4 psi) and ethyl acetate/cydohexane (3:2 v/v) as eluant 
Appropriate fractions were combined and the solvent was evaporated in vacuo 
to give a yeitow solid which was triturated w^ 

as pale yellow crystals (0.567 g). 1 H NMR (250MHz, D 6 -OMSO) 8.15 (1H, d. 
J«8HD, 5.95 (1H. d. J-4H2), 4.9 (1H, d, J=6Hz), 4.4-4.6 <2H, m), 3.8 (3H t s), 
3.04,5 (4K m). 1.85 <3H, s) f 1.3-1.7 (4H, m), 0.8+0.87 <6H, two t, J=8Hx). 
Mass spec (low resolution): MH* » 368. Mass analysis: C 1Q H 25 N s 0 9 . 
0.25C 4 H 8 O2 Reqiired: C. 52.39; H, 6.93; N, 17.98. Found: C, 52.43; H, 6.93; N, 
17.83. 
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c) (4R,SR f 6R)-5nAcetylarnifK>-^^ 
4H-pyran-2-carboxy1ic add 

To a stirred solution of (4R,5R,6R)-6-acetytamino^^do^ 
(dipropylcart»moyl)^,6^ihydr^ acid, methyl ester 

(SOOmg) in tetrahydroforan (6ml) under nitrogen was added triphenylphosphine 
(428mg). After 3.5 hours at 23*C water (1ml) was added and the solution was 
stirred for a further 21 hours. Triethylamine (1ml) was added and stirring was 
continued for a further 7 hours after which the solvents were removed in vacuo. 
The resulting liquid was redissolved in ethyl acetate, was dried over anhydrous 
magnesium sulphate, and the solvent was evaporated in vacuo to leave a yellow 
solid. The solid was chromatographed over silica (Merck 9385, 45g) using 
medium pressure (ca 4 psi) and chtorofornVmethanol (15:1 1 vAv) as eluant 
Appropriate fractions were combined and the solvent was evaporated in vacuo 
to afford a white solid which was suspended in water (5ml) containing 
triethylamine (2ml) and was stirred at 50°C for 1.5 hours. The solvents were 
removed in vacuo to afford the title compound as a white solid (171mg). 1 H 
NMR (250MHz, De-OMSO) 8.4 (1H, broad s), 5.7 (1H, d, J=1.5Hz), 5.1 (1H, d, 
J=4Hz), 4.4 (1H f broad a), 3.95 (1H, broad s), 2.95-3.86 (6H, m), 2.0 (3H, s), 1.6 
(4H, m), 0.94+0.99 <6H, two t, J=7.5Hz). Mass spec, (low resolution): MH* * 
328. Mass analysis: C^H^N^s. 1.5 HjO Required: C, 50.79; H ( 7.90; N, 
1 1 .85. Found: C, 50.87; H t 8.04; N t 1 1 .54. 

(4R.5R6RV5-AcaMamirK>4^ 
lihydrpUH-pYT^fraft^fc fcfl 

a) (4R t 5R v 6R)-5-Acetytamino^tert^ S.2R)- 

1 ,2 t 3^riaoeto^propyQ^ < 6-dihydro^H^ acid, methyl ester. 

(4R,5R,6R)-5-Acetytami^^ S.2RM ^^acetoxypropyO-S.e- 

dihydro-4Hs>yrarv-2-cartX3xylic add, methyl ester (55.0g) in anhydrous 
dime lh ytform a iiwde (200ml) was treated with imidazole (17.5g), 4- 
dimethylaminopyrldine (2.8g) and tert-butyldiphenylsilyl chloride (66ml) and the 
reaction stirred under nitrogen and heated at 60° for 26 hours. A further aliquot 
of imidazole (1.75g) and tert-butyldiphenytsilyl chloride (6.6ml) was added and 
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the reaction mixture heated for a further 19 hours. The reaction mixture was 
allowed to cool, concentrated, diluted with water (500ml) and extracted with 
ethyl acetate (x 2). These extracts were washed with dilute hydrochloric acid 
and brine and dried over anhydrous magnesium sulphate. The organic phase 
was evaporated to give a brown oil (120g). The foam was chromatographed 
over silica (Merck 9385, 1Kg) using medium pressure (ca 4 psi) and ethyl 
acetate/cydohexane (1:2 v/v) as the eiuant The required fractions were 
combined and the solvent removed in vacuo to give the title compound as a 
white foam (66.0g). 1 H NMR (250 MHz. COCIj) 7.34-7.66 (10H, m), 5.71 (1H, 
d), 5.63 (1H, d). 5.34-5.47 (2H, m), 4.75 (1H. m), 4.13-4.40 (4M, m), 176 (3H. 
s), 2.10 (3H, s), 2.07 (3H, s). 2.06 (3H, s). 1.74 (3H, s), 1.10 (9H, s). Mass Spec 
(Low resolution): MH* = 670. Mass Analysis: C^H^NO^Si. Requires: C, 60.97; 

H. 6.47; N, 2.09. Found: C, 60.45: H, 6.39; M, 2.00. 

b) (4R,5R,6R)-5-Acetylamir»^tert-but^ 

I , 2,34rihvdrcxy-prccyl}^,6^hydro^H^ add, methyl ester. 
(4R,5R,6R)-6-Aeetylam*o-4^tert-&ity^ 

triacetoxypropyT>£,6^hydro-4H-pyr^ add, methyl ester (66.2g) in 

anhydrous methanol (1L) was treated with sodium methoxide (0.5g) and the 
reaction stirred under nitrogen for 1.5 hours. The reaction was neutralised by 
the addition of Dowax 50W-X8 and the resin removed by filtration. The filtrate 
was evaporated to give the title compound (53.2oV. NMR 1 H (250 MHz, CDCI,). 
7.34-7.72 (10H, m), 6.27 (1H, s). 5.74 (1H, d), 4.32 (1H. dd). 4.22 (1H, d). 4.08 
(2H. m). 3.91 (2H, dq). 3.74 (3H. s), 3.64 (1H. s). 1.85 (3H, s). 1.11 (9H, s). 
Mess Spec (Low resolution): MH* = 544. Mess Analysis: C 2S H 37 N0 8 Si. 05*^0 
Requires: C, 60.44; H.6.93; N. 2.53. Found: C, 60.45: H. 6.87; N. 2.62. 

c) (2R,3R.4R)-3-Acer/laminc^teft^uty^ 
2H-cyrar^64icarboxylic acid 6-methyl ester. 

(4R,5R6R)-6^cetylar«no^tert-bu^ R.2RM.2.3- 
trihydroxypropytK,6-oir^dro-4H-p^ add methyl ester (53.2g) In 

methanol-water (3:1, 400ml) was treated with sodium periodate (44.0g) and 
stirred at 23*C for 24 hours. The reaction mixture was filtered end the filtrate 
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evaporated to give a white foam. This foam waa suspended in tert-butanol 
(700ml) and sodium chlorite (71.64g) and potassium dihydrogen 
orthopho8phate (71 .6g) in water (300mi) added. The reaction mixture was 
stirred for 3 hours, cooled in ice and 20% sodium metabisulphite added to 
decolourise the solution (1.51). This was extracted with ethyl acetate and these 
extracts were washed with brine, dried over magnesium sulphate and 
evaporated to give a yellow foam (53.5g). This was triturated with ether and 
diisopropytether to give the title compound (43.37g). 1 H NMR (250 MHz, 
CDCy. 7.34-7.72 (11H, m) f 6.04 (1H, d), 5.82 (1H f d) f 4.36 (1H f m), 4.30 (1H, 
m), 3.74 (3H, s), 1.11 (9H, s). Mass Spec (Low resolution): MH+ = 498. Mass 
Analysis: C 20 H 31 NO 7 Si. LO^O Requires: C, 60.56; H.6.45; N t 2.71. Found: C. 
60.97: H ( 6.97; N, 2.45. 

d) (4R5S,6R)-5-Acetytamino^trt^ 

(phenethytpropytcarbarTK>y1)^,6-d^ acid, methyl 

ester. 

2^1H-Benzotriazol-1-ylH.1.3»34etramethyluroni^ tetrafluoroborate (1.42g) 
waa added to a solution of (2R,3S,4R)-3-acetytamino-4-(teft- 
butyldiphenylsilanytoxy)4,4<lihydro-2H^ acid, 6-methyl 

ester (2g) and N,N-diisopropylethylamine (1.4ml) in dimethytfbrmamide (5ml), 
under nitrogen. To this was added N-phenethytpropytamine (722mg) and the 
reaction was stirred at 23°C for 16 hours. The solvent was removed in vacuo 
and the residue was partitioned between water and ethyl acetate. The organic 
extracts were dried over anhydrous sodium sulphate and the solvent was 
r emoved in vacuo to give a fawn foam. The foam was chromatographed over 
silica (Merck 9385, 45g) using medium pressure (ce 4 pai) and ethyl 
aoetatotaydohaxana (12 v/v) as the eluant The required fractions were 
combined and the solvent removed Jin vacuo to give the title oomoound as a 
white fowl (1.1g). 1 M NMR (250MHz, COCI3, rotamers) 7.6-7.1 (15H. m), 
6.0*5.96 (1H, 2m), 5.9-5.8 (1H, 2xd, J=6Hz), 5.2 (1H ( 2xd, J=5Hz). 4.6 (1H. 
2xd, J*3Hz), 4.«.7 (1H, m) f 3.8 (3H, 2xs), 3.5-2.9 (4H, m), 2.8+2.5 (2H, 2x m), 
2.0 (3H, 2xs), 1.5-1.2 <2H, m), 1.1 (9H, s) t 0.9+0.7 (3H, 2xt J»7Hz). 
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e) (4R5a6R>^^tylamino^y*oxy^ 
dihydro-4Hi>yrarv2<arbQxy1c acid, methyl ester. 

To a stirred solution of (4R,5S t 6R)^-«cetylamino-Mtert- 
butyktfphenylsilanylGxy^ 

carboxylic acid, methyl ester (7g) in tetrahydrofuran (70mO was added tetra-n- 
butylammonium fluoride (12ml of a 1 M solution in tetrahydrofuran). After 4 hours 
at 23°C the solvent was removed in vacuo and the residue was partitioned 
between brine and ethyl acetate. The organic extracts were dried over 
anhydrous sodium sulphate and the solvent was removed in vacuo to give an 
oil. This was chromatographed over silica (Merck 9385, 700ml) using medium 
pressure (ca 4 psi) and dichloromethane/methanol (95:5 Wv) as eluant The 
required fractions were combined and the solvent removed in vacuo to give the 
title compound as a pale yellow foam (3.98g). 1 H NMR (250MHz, CDCI* 
rotamers) 7.3 (5H f m), 6.2 (1H, 2xd, J=7 Hz), 6.1+6.0 (1H t 2xd, J=4Hz), 5.1+4.9 
(1H, 2xd, J=*Hz), 4,6+4.5 (1H, 2xm), 4.4-4.2 (1H,2x m), 3.8 (3H. 2xs), 3.7^3.3 
(4H, m), 3.0+2.8 (2H, 2xm), 2.0 (3H, 2xs), 1.8*1.3 (2H V m), 0.9 (3H, m); Mass 
spec (low resolution) MH+ = 405. 

0 (4R,5R,6R)-5-Acetylanruno-4^ 
dihydro-4H-pyran-2<arboxylic acid. 

(4R5R,6R)«5-Acetyiamino-44i^^ 

dihydro-4H-pywh2-carbaxylic acid, methyl ester (300mg) in triethylamine/water 
(1:2, 1.5ml) was heated at 50°C for 2 hours. Further triethytamine (1ml) was 
added and the reaction heated for 2 hours. The reaction mixture was 
evaporated to dryness and co-evaporated with toluene (5ml, x 3) and ether and 
dried to give the tMe compound (155mg). 1 H NMR (250MHz, De-OMSO, 
rotamers) 7.7 (1H, 2x4, J«9Hz), 7.2-7.4 (5H, m), 5.8 (1H t 2xd, J«5Hz), 4.8 (1H, 
2xd, >8Hz)), 42 (1H, m), 4.1 (1H, m), 3.04.8 (5H, m), 2.7-2.9 (2H f m) 1.8 (3H, 
two s) 1.4-1.6 (2H, m) 0.8 (3H, m). Mass Spec (Low resolution): MH* * 391. 
Mass Analysis: C ao H a8 N 2 Qe.0.8 C e H 5 N t 1.0 HjO Requires: C, 60.9; H.8.2; N, 
8.0. Found: C, 60.9; H, 8.0; N ( 8.1. 

Examples 46 and 47 were prepared in a similar manner to Example 45. 
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Example 46 

(4R.5^6RV5-Acclvlamlno*44ivd^ 
-5.6-dihvdro^H-ovran.?-r^^il ff ^ 

1 H NMR (250 MHz, rvOMSO, rotamers). 7.28-7.72 (10H, m), 5.82+5.76 (1H 
2d), 4.80 (1H, m), 4.18 (1H, m), 4.11 <1H, m), 2.7^.8 (7H, m), 1.86+1.80 (3H," 
two s) 1.4-1.7 (2H, m) 0.76-0.91(3H, m). Mass Spec (Low resolution): MH* = 
467. Mass Analysis: C^oNjOe.©^ C 9 H 1$ N, 1.0 HjO Requires: C, 64.49- 
H.7.37; N, 6.48. Found: C, 64.85; H. 7.37; N, 6.52. 

Example 47 

(4R.5R.6R)-5-Ac*tvlamino-4-hvdrow-6^diPi^ 
Pvran-2-cartenwtir. »rj«f 

NMR 1H (250 MHz, De-OMSO). 7.61 (1H. d), 5.74 (1H, d), 4.76 (1H. d), 4.16 
(1H, m). 4.08 (1H. m), 2.9-3.8 (4H, m), 1.83 (3H, s), 1.36-1.68 (4H. m), 0.84 (6H, 
m). Mass Spec. (Low resolution): MH* =329. Mass Analysis: C 18 H 24 N 2 O e .0.8 
C^gN, 1.0 HaO Requires: C. 55.66; H.8.98; N, 9.18. Found: C. 55.65; H, 9 14- 
N, 9.00. 

Example 48 

(4R,5R,6R)^f2^ior*mvM-v<-^ ? ? . 

a) (4R,5S,6R)-5-(Acetyl-^-butoxycan^ylamirw 

ethyl)propylcart>arnoylM^tert-b^ 

carboxyiic acid, methyl ester. 

To a solution of (4R.5R,6R)-5-ae^amino-64(2*iph6fvl-4-yK 
ethyl)cfopyicsfbarTX^W 

carboxyiic add methyl ester (l.08g) and 4-dimethylaminopyridine (0.12g) in 
dioxana (10ml) was added tf-tert-butyl dicarbonate (0.53g). The mixture was 
heated at 63*C and further dMerU>utyl dicarbonate (0.76g) was added 
portfonwise over 4.5 hours. The reaction was cooled and partitioned between 
ethyl acetate (50ml) and water (35ml). The aqueous phase was further extracted 
with ethyl acetate (30ml) and the combined organic extracts were washed with 
dilute citric add (30ml), dilute sodium bicarbonate (30ml). dried over anhydrous 
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magnesium sulphate and the solvent removed In vacuo to give a red gum. The 
gum was chromatographed over silica (Merck 7734, 130g) with ethyl 
acetate/cydohexane (1:2 v/v) as the eluanL The required fractions were 
combined and the solvent removed in vacuo to ofve the title compound a« a paia 
yellow foam (1.05g). 'H NMR (250 MHz, CDCJ,, rotamers) 7.87-7.20 (19H. m), 
5.86+5.80 (1H. 2x broad d), 5.49+5.44 (1H. 2xd. J=5Hz), 4.56 (2H. m), 3.9+3.65 
(3H. 2xs), 3.96-2.74 (6H, m), 239+2.37 (3H,2xs), 1.83 (1H, m), 1.55 (1H, m), 
1.45 (9H. s), 1.15-0.7 (12H, 2xt, J=7Hz and s). 

b) (4R,5S,6R)-6^(2^iphenyW^thyl)prt^ 
butoxycartenylamirw^tert-butyldiprienylsil^ 
carboxylic acid, methyt ester. 

To a solution of (4R,5S,6R)-6Xacstyl-tert-butoxvearbe^ 
4-yl-ethyl)propylcartaiTK)yl r 4-(tert-buty^ 

pyran-2-carboxylic add, methyl ester (3.9g) in methanol (80ml) was added 
sodium methoxide (0.47g). The solution was stirred at 23*C for 40 hours, 
neutralised by the addition of 0.5N citric add, before being concentrated in 
vacuo to give a white residue which was partitioned between ethyl acetate 
(120ml) and water (80ml). The separated aqueous phase was further extracted 
with ethyl acetate (60ml) and the combined organic extracts were dried over 
anhydrous magnesium sulphate and conce n t rat ed in vacuo to give a yellow 
gum. This gum was chromatographed over silica (Merck 7734, 130g) with ethyl 
acetate/cydohexane (1:4 v/v) as the eiuant The required fractions were 
combined and the solvent removed ki vacuo to give the title compound as a . 
white foam (1-22g). 1 H NMR (250 MHz, Oe-OMSO, rotamers) 7.8-7.2 (19H, m), 
6.99+6.9 (1H, 2xd). 5.5S+5.51 (1H, 2xm). 4.96 (1H. m), 4.51+4.44 (1H, 2xm), 
3.96 (1H, m). 3.88-2.75 (9H. m).1.66-1.18 (11H, m and s),1.04 (9H, s), 
0.85+0.75 (3H, two t, >8Hz). 

c) (4R5S.6R)^Vmirio^(2-bip*eriv^ 

butyldipheny1silany1cocy)-5,6-dihy^ add, methyl 

ester 
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To a solution of <4R,5S,6R)^(24>iphen^ 
lxrtoxycartxvTyt-^ino)^tert^ 

pyran-2<art>axy1ic acid methyl ester (0.71 g) in tfoxane (10ml) was added a 
solution of hydrogen chloride in dioxane (5ml of a 4M solution). The solution 
was stirred at 23"C for 68 hours. The solvent was removed In vacuo and the 
residue was dissolved in ethyl acetate (50ml) and washed with dilute sodium 
bicarbonate (30ml). The organic phase was dried over anhydrous magnesium 
sulphate and the solvent removed m vacuo to give a pale yellow gum. This gum 
was chromatographed over silica (Merck 7734, 70g) with ethyl 
acetate/cyciohexane (1:1 v/v) as the eluant The required fractions were 
combined and the solvent removed in vacuo to give the title compound as an 
oft*hite foam (0.265g). 1 H NMR (250MHz, COCI* rotamers) 7.78-7.27 (19H, 
m), 5.68+5.67 (1H, 2xd, J»5Hz) f 4.69 (1H, d, J=9Hz), 4.42 (1H, dd, J=5Hz), 
3.77-2.85 (10H, m), 1.5-1.8 (4H f m),1.09 (3H, s) # 0.93 (3H, 2xt, J«8Hz) 

d) (4R,5S,6R)-6-{(2^iphenyW-y^^ 
butyWiphenylsilanyloxy)^2,2 l 2,4rifluoroacetyl^ 
carboxylic acid methyl ester. 

To a solution of (4R f 5S,6R)-5-amino-6-[(2-biphenyl-4-ylethyl)propyl- 
carbamoyt}4^tert-butykfipheny^ 

carboxyiic acid methyl ester (1.02g) in pyridine (13ml) at 3 # C was added 
trifluoroacetic anhydride (0.25m0. After 10 minutes at 3*C, the ice bath was 
removed and stirring was continued for 2 hours at 23 # C. Ethyl acetate (50ml) 
was added and the solution was washed with dilute hydrochloric acid (5x25ml), 
brine (50ml) c dried over anhydrous magnesium sulphate and the solvent 
removed in vacuo to give a yellcw gum (1.24g). The gum was chromatographed 
over silica (Merck 7734, 70g) with ethyl acetate/cyciohexane (1:4 v/v) as the 
eiuanL The required fractions were combined and the solvent removed in vacuo 
to give the tttta compound aa a white foam (0.83g). 1 H NMR (250MHz. COCI3, 
rotamers) 7.7-7.18 (19H, m). 6.76 (1H ( broad d), 5.98*5.93 (1H, 2xd f J*3Hz), 
5.23+5.14 (1H, 2xd. J=4Hr), 479 (1H, dd, J=6Hz, 3Hz), 3.83 (1H t m), 3.81*3.77 
(3H. 2xs), 3.7-277 <4H, m), 2.63 (3H, t, J=9Hz), 1.6-1.3 (2H, m),1.09 (9H, s), 
0.89*0.79 <3H, 2xt, J*8Hz). 
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e) <4R,5R,6R)^(2^ipheny1^ 

trifluoroacetytamto^ acid, methyl ester. 

To a solution of (4R,5R,6R)^(2^phenyl^yl-etty 
butyldiphenylsilanyloxy>^2,2,2-trif^^ 

carboxylic acid methyl ester (1.03g) in tetrahydrofuran (5.5ml) was added a 
solution of tetra-n-butyi ammonium fluoride in tetrahydrofuran (1.45ml of a 1M 
solution). The orange solution was stirred at room temperature for 4 hours 
before the solvent was removed in vacuo to give an orange gun. This was 
dissolved in ethyl acetate (50ml) and washed with water (2x40mi). The organic 
phase was dried over anhydrous magnesium sulphate and the solvent was 
removed in vacuo and the residue was chromatographed over silica (Merck 
7734, 65g) and dichloromethane/methanol (95:5 vN) as the eiuant The 
required fractions were combined and the solvent removed in vacuo to give the 
title compound a s a white foam (0.64g). 1 H NMR (250MHz, CDCI 3 rotamers) 
7.63-7.24 (9H ( m) ( 6.96+6.92 (1H, 2xd, J=8Hz), 6.1346.06 (1H, 2xd, J=4Hz), 
5.16+4.86 (1H, 2xd, J=7, 5Hz), 4.72+4.58 (1H, 2wn), 4.3 (1H, m). 3.82+3.79 
(3H, 2xs), 3.78-3.23 (4H. m), 3.02+2.87 (2H, 2xt J=8Hz), 2,90+2.78 (2H, 2x 
broad s), 1 .82-1 .50 (2H, m), 0,96+0.92 (3H, 2xt, J=8Hz). 

f) (4R,5R,6R)^(2-8iphenyl^ethyl)prop^ 
trifluoroacetylamino)-5 t 6^ihydro^ acid. 

A mixture of (4R,5R,6R)^(2-biphenyf^eth^ 

(2,2,2-trtfluoroacetylamino^^ add methyl ester 

(0.63g) in water (3ml) and triethyiamine (1 .5ml) was stirred at 50*C for 5 hours. 
After cooling, the homogeneous solution was conce n tr ate d in vacuo to give a 
yellow gum. Azeotropic removal of the water in vacuo with dioxane (3x5ml) 
produced a pale yellow foam (0.7 1 g). This foam was redissoived in a mixture of 
water (2ml) and triethyiamine (1ml) before being stirred at SOX for a further 2 
hours. After cooling the solvent was removed in vacuo and the residue was co- 
evaporated with dioxane (4x1 5ml) and ether(3x15ml) to give a yellow solid 
(0.62g). This solid was purified by HPLC to give the title compound as a pink 
solid (0.24g). 1 H NMR (250MHz, Dg-DMSO, rotamers) 13.2 (1H, broad 
s),9.32+9.28 (1H, 2xd, J*9Hz). 7.7-7.17 (9H. m). 6.07+6.02 (1H, 2xd. J=5Hz). 
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5.02*4.94 (1H, 2xd, J=9Hz). 4.37*4.17 (2H. 2xm), 4.0-3.1 (4H, m), 3.02+277 
(2H, 23d, J=9H2). 1.66*1.47 (2H, 2xm), 0.8640.81 (3H, 2*. J=8Hz); Mass spec 
(tow resolution): MH - 521; Mass Analysis: CaHj^NjO,. Hfi. Required C, 
58.0; H, 5.4; N. 5.2. Found C, 57.6; H, 5.1; N, 4.9. 

Example 49 was prepared in a similar manner to Example 48. 
Example 49 

(4R.5R.6RW64f2^lph<Mivi^ v^^ 
prooionvlamino-S 6-dihY drfr4-H-rjvran-2^rbowlic arifl 
1 H NMR (250MHz, Dg-OMSO, rotamers) 7.7-7.3 (9H, m), 5.80+5.76 (1H, 2xd, 
J*5Hz), 5.3 (1H, broad d), 4.78 (1H, 2xd, J=8Hz). 4.22 (1H, m), 4.10 (1H, m). 
3.9-2.8 (7H. m), 2.20-2.05 (2H, m), 1.47-1.40 (2H, m). 0.98+0.95 (3H. 2xt] 
J=8Hz). 0.87+0.82 (3H. 2xt. J=8Hz). Mass analysis: C^H^I^Og. 0.8 
C fl H 1s N. LOHjO. Required C. 65.6; H. 7.9; N, 6.7. Found C. 65.4; H, 7 5- N 
6.5. 

Example SO 

(4S.5R.6RV£-AeaMamino*4-hv^ 
ethvl^proDvlcarbamovIVS 6^vdro^.«^fv %carto*v<lc acifl 
a) (4S.5R,6R)-5-Acetylaniino^tert-butyW^ 
1.2,3-trihydroxypropyr}-5,6-dihydro^^ add, methyl ester. 

To a solution of (4S.5R,6R)-5^cetyl«rtno^(SH2^-dimetr^ 
4R-yl)hydroxymethylH-hydro^ add, methyl 

ester (7.59g), imidazole (3.04g) and 4-tfimethyfaminopyridine (1.52g) in dry 
dimetrylformamide (100ml) was added tert-butyWiphenylsilyk*iJork^ (11.39ml) 
and the reaction was heated at 70°C for 48 hours. The reaction was cooled and 
the solvent was removed In vacuo. The residue was dissolved in ethyl acetate 
(300ml) and then washed with dilute hydrochloric acid (100ml), saturated 
sodium bicarbonate solution (100ml) and brine (100ml). The organic phase was 
dried over anhydrous magnesium sulphate and the solvent was removed in 
vacuo. The residue was dissolved in 80% acetic acid and was stirred at 23°C 
for 24 hours. The solvent was then removed and the residue was co- 
evaporated with dioxane (2 x 100ml). This was chromatographed over silica 
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(Merck 9385, 500q) using medium pressure (ca 4 psi) and cydohexane/ethyl 
acetate (1:2 v/v) as the eluant The required fractions were combined and the 
solvent removed in vacuo to give the title compound as a white foam. (9.85g). 
1 H NMR (250MHz, D«-DMSO) 8.15 (1H, m), 7.62 (4H, m), 7.45 (6H, m) 5 47 
(1H, d, J-3HZ), 4.70 (1H. m). 4.59 <1H, d, J-4.5HZ), 4.53 (1H, d, J«4.5Hz) 4 35 
(1H, t, J«4.5Hz), 4.04 (2H, m), 3.62 (5H, m), 3.37 (2H, m). 1.85 (3H, s) 1 00 
(9H,s). ' 

b) (2R,3l^4S)*Acetytarnino^teft^HityW 
2H-pyran-2,6-dicafboxylic add 6-methyl ester. 

To a solution of (4S.5R.6«)^cetylamiro^tert^ldiphenylsilanyloxy)^. 
[(1R,2RH.2.3^rtiydroxyprcpyir5.6^ihydro^^ ac^ mMvl 

ester. (9.0g) in methanol/water (270ml) was added sodium periodate (7 95g) 
and the reaction was stirred at 23°C for 1 hour. The suspension was filtered 
and the collected solid was washed with methanol (50ml). The combined 
filtrates were evaporated in vacuo to give a white solid. The solid obtained was 
suspended in tert-butanol (1 1 0ml) and stiffed rapidly at 23«C whilst a solution of 
potassium dihydrogen orthophosphate (12.4g) and sodium chloride (12.4g) in 
water (55ml) was added. After 2 hours the mixture was cooled to 0°C and dilute 
sodium metabisulphite solution was added until the reaction had become 
colourless. The reaction was diluted with water and then adjusted to pH2 with 
dilute hydrochloric acid. The solution was extracted with ethyl acetate (3 x 
500ml) and the combined extracts went washed with brine (500ml) and dried 
over anhydrous magnesium sulphate. The solvent was removed in vacuo to 
give the title cofnpognd, as an off white foam (8.12g). 1 H NMR (250MHz. D«- 
DMSO) 7.93 (1H. d. J*9Hz). 7.62 (4H. m). 7.42 (6H, m), 5.45 (1H. d. J=3Hz) 
4.85 (1H. s), 4.65 (1H. <t J*4.5Hz). 3.78 (1H. m). 3. 70 (3H. s), 1.85 (3H. s)' 
0.95 (9H.S), 

c) (4S,5S,6R>-5-Acetylanrvrx>4^teft-CAitytdip^ 
4-y»-etnyl)prcpvk»rtarr^ ^ methyi 

ester. 
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To a solution of (2R,3R,4SH^tylarnirx>^tert-butykJiph^ 8 iiany1oxy)-3 4- 
d.hydro-2H-pyran-2.S^cart>oxylic add, 6-methyl aster (2.0g). (2-bipheny(^-yl- 
ethyl)propylamine hydrochiorida (1.33g) and diisopropyl ethyiamine (2.52ml) in 
anhydrous dimathytformamide (5ml) was added 2-<1H-benzotria2ol-1-yJ)- 
1.1.3.3-tetranwtrylHjroniumta^ The reaction was stirred 

at 23°C for 24 hours then diluted with ethyl acetate (200ml) and washed with 
water (2 x 200ml). dilute hydrochloric acid (100ml), saturated sodium 
bicarbonate solution (100ml) and brine (100ml). The organic phase was dried 
over anhydrous magnesium sulphate and the solvent was removed in vacuo and 
the residue was chromatography over silica (Merck 9385. 20g) using medium 
pressure (ca 4 psi) and cydohexane/ethyl acetate (10:1 v/v) as the eluant The 
required tractions were combined and the solvent removed in vacuo to give the 
title compound, as a white solid (1.6g). 1 H NMR (250MHz. DfOMSO rotamers) 
8.16*6.12 (1H.2X d. J*10Hz), 7.64 (8H, m), 7.53-7.30 (11H, m), 5.50 (1H m) 
5.11 (1H. m). 4.5444.40 (1H, 2xm). 4.26 (1H. m). 3.71+3.65 (3H. 2xs). 3.6-3 1 
(4H. m), Z92 (1H. m). 2.82 (1H, m). 1.81+1.79 (3H. 2xs). 1.62 (1H, in) 1 52 
(1H, m). 1.02 (9K s). 0.91+0.82 (3H. 2xt. J=7Hz). Mass analysis: 
C43HsoN 2 OeSi. Required: C. 71.84; H. 7.01; N, 3.90. Found: C. 71 54- H 7 33 
N, 3.88. • • • • 

d) (4S,5R.6R)-5nAcetylarnir»-Wrydrc^ 

ethyl)propylcarbarnoyn-5.6^ metny| ester 

To a solution of (4S.5S,6R)-5*cetylaiTw>o-4-(^^ 

biprwr»vl-4-y»-etrr/1)pro^^ ^ 
methyl ester (1.56g) in anhydrous tetntfr/drofuran (15ml) was added a solution 
of tetra-n^utylaiTmonium fluoride in anhydrous tetrahydrofuran (2.42ml of a 1N 
solution) and the reaction was stirred for 16 hours at 23°C. The solvent was 
then removed in vacuo and the residue was suspended in brine and extracted 
with ethyl acetate (3 x 50ml). The combined organic extracts were dried over 
artfrydreue magnesium sulphate and the solvent was removed ^ vacuo. The 
residue was dranatographed over silica (Merck 9385. 20g) using medium 
pressure (ca 4 psi) and dcrttoromethar>e/rr»thar»l (95:5 v/v) as the eluant The 
required fractions were combined and the solvent removed in vacuo to give the 
Mle compound, as a white solid (0.91g). 1 H NMR (250MHz. De-OMSO rotamers) 
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8.05 (1H, d. >8Hz), 7,63 (4H, m). 7.45 (2H, m), 7.34 (3H, m), 5.82+5.89 (1H, 
2xd, J=3Hz), 5.32 (1H, d, J=6Hz), 5.01+4.97 (1H, 2xd, J=8Hz), 4.28 (1H, m), 
3.94 (1H, m), 3. 73+3.68 (3H. 2xs), 3.45 (1H, m), 3.24 (1H, m), 2.96 (1H. m), 
2.76 (1H, m), 1.82+1.79 (3H. 2xs), 1.57 (1H. m), 1.46 (1H, m), 0.83(3H, m). 
Mass analysis: OnH^O^ Required: C. 67.48; H, 6.71; N, 5.83. Found: C, 
67.08; H, 6.61; N, 5.60. 

e) (4S,5R,6R)-5nAcetytainino-44iydroxy-^(2-tiphenyM-yl> 
ethyl)propylcarban)oyn^.6^ihydro^ acid. 

A mixture of (4S,5R,6R^5^cetylarnirK>44iyatoxy^(2^iphenyt-4-yt- 
ethyt)propy»cartamoyl}^ 1 6^ihydro^H-pyran-2<arDoxylic acid, methyl ester 
(0.89g) water (5ml) and triethyiamine (5ml) was heated at 50°C for 6 hours. The 
solvent was then removed in vacuo and the residue was co-evaporated with 
dioxane (x3) to afford the title compound as sn off white solid (0.87g). 1 H NMR 
(250MHz, DrOMSO rotamers) 7.96 (1H. d, J«8Hz), 7.60 (4H, m), 7.45 (2H. m), 
7.33 (3H, m), 5.72 (1H, m), 5.15 (1H, m), 4.90 (1H, m), 4.25 (1H, m), 3.87 (1H, 
m), 3.60-2.95 (8H, m). 1.80+1.75 (3H, 2xs), 1.55 (1H, m), 1.46 (1H, m), 0.83 
(3H, m). Mass analysis: Cy^^O^. 1.0 HjO. 0.6 C e H 15 N Required: C, 65.20; 
H, 7.58; N, 6.68. Found: C, 65.40; H, 7.59; N, 6.44. 

Example 51 was prepared in a similar manner to Example 50. 

Pupmo^ SI 

i4S.SR.6RWS^ ^«nif»o^4ivdroxv^ 
dihvdi^H-cvran-2-carfaoxvlic add 

1 H NMR (250MHz, Oe-OMSO rotamers) 8.00 (1H, d, J=8Hz), 7.26 (5H, m). 
5.72+5.69 (1H, 2xd, J=3Hz). 5.15 (1H. broad s), 4.86 (1H, t J*8Hz), 4.26 (1H, 
m). 3.85 (1H, m\ 3.704.80 (7H, m), 2.71 (1H, m). 1.55 (1H, m), 1.44 (1H, m). 
0.82 (3H, m). Mass analysis: CjoHarW 2.0 HjO. 0.75 C,H 15 N Required: C, 
56.58; H, 8128; N. 7.67. Found: C. 58.66; H. 8.02; N, 7.37. 

Example 52 

f4S.5R.6RV-S^Acetvlamino^diprocvlcarban^ 
4H^ivran-2^arht«vlic acid, trifluoroacetate salt 
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a) (4S,5R,6R>^«tylamint>^dipropylcart>anK^ 
triflucfoacetytamiroJ-S.e^ihydr^ acid, benzhydryl ester 

To a stirred cooled solution (ice/water) of (4S,5R 1 6R)-5-acetyiamino-4-arnjno-6- 
(dipropylcarbarroyl^.e-dihydro^H-^^ acid, benzhydryl ester 

(1.7g) in anhydrous dichloromethane (15ml) containing pyridine (0.84ml) and 4- 
dimethylaminopyridine (0.042g) was added trifluoroacetic anhydride (0.59ml) 
dropwise. The reaction was stirred for 1 hour in the cooling bath and for a 
further 48 hours at 23°C. The solvent was removed In vacuo leaving a brown oil 
which was taken up in ethyl acetate (125ml), washed with aqueous saturated 
sodium bicarbonate (2x100ml), water (100ml) and brine (100ml). The organic 
phase was dried over anhydrous magnesium sulphate and solvent was removed 
in vacuo. The residue was chromatographed over silica (Merck 9385, 50g) 
using medium pressure nitrogen (ca 5 psi) and chloroform and methanol (9:1 
v/v) as eluant The required fractions were combined and solvent was removed 
to give the title compound as a white solid (1.88g). 1 H NMR (250MHz, CDCfc) 
8.79 (1H, d. J*8Hz). 7.39-7.30 (10H, m), 7.00 (1H, s). 6.15 (1H. d, J«5Hz), 5.75 
(1H, d, J=8Hz), 5.15 (1H. s). 4.55 (1H, dd. J-8 Hz, 6Hz), 4.48 (1H. d, J-8Hz). 
3.49 (3H, s), 3.45-3.30 (2H. m), 3.30-3.10 (2H, m), 2.0 (3H, s), 1.68-1.52 (2H, 
m), 1.52-1.40 (2H, m), 1.92 (3H, t, J«8Hz) . Mass spec (Low Resolution): MH* « 
590. Mass spec (High Resolution): MH* » 590247788. fits for molecular 
formula C^WfeOtFs, error = O.Oppm. 

b) (4S,5R*6R)-5-Aosty1amino-6-(dipr^ 

triflucroacetylrnethyiajnino)^,6^ add. benzhydryl 

ester 

To a solution of 5-acstylamino^dipropylcsAam^ 
trifluoroa«etylarnho)-6,6^dihydro^ add, benzhydryl ester 

(0.133g) in a nhydro u s dirnethyiformamide (2ml) containing caesium carbonate 
(0.075g) under a nitrogen atmosphere, was added iodomethane (0.1 44g). The 
reaction was stirred at 23"C for 144 hours then separated between water (10rnl) 
and ethyl acetate (30ml). The organic phase was washed with water (20ml). 
dried over a nhydrous magnesium sulphate and the solvent was removed in 
vacuo. The residue was chromatographed over silica (Merck 9385, 9g) using 
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medium pressure nitrogen (ca 5 psi) end ethyl acetate/cyctohexane (2:1 vrv) as 
eiuant The required fractions were combined and solvent was removed in 
vacuo to give the title compound as a dear glass (0.1 16g). 1 H NMR (250MHz. 
CDCk rotamers) 7.95 (1H. d, J=9Hz>. 7.45-7.28 (10H. m), 6.91 (1H. s), 6.12 
(1H. d, J=Z5HzX 5.46 (1H, dd, J=9Hz, 2.5Hz), 5.17 (1H. d, J»9Hz). 3.60-3.40 
(2H, m), 3.2-3.0 (3H, m), 297 (3H, s), 1.67 (3H, s), 1.60 (2H, m). 1.46 (2H, m), 
0.84 (3H, t, J-7Hz). 0.83 (3H, t J=7Hz). Mass spec (Low Resolution): MKT * 
604. Mass spec (High Resolution): MH* = 604.263312, fits for molecular 
formula CmtfeNjOtF* error = 0.2ppm. 

c) (4S,5R,6R)-5-Aoetylaminc^dipropylcarbanxjyl)^ 
dihydro^H-pyrarv2-carboxylic add, trifluoroacetate salt 

A solution of (4S,5R,6R)-5-acetylamir»^dipropyle^^ 
trifluoroaestysTiethylamir*^^ add, benzhydryl 

ester (0.430g) in dtttioromethane (2.5ml) and trifluoroacetic add (2.5ml) was 
stirred at 23°C for 2 hours. The solvent was removed in vacuo and the residue 
was w zwotrope d with toluene (2x25ml). The residue was taken up in a 
water/rnethanol mixture (20ml, 1:1 vAr) and stirred at 23°C with potassium 
carbonate (1.0g) for 18 hours. The solvent was removed in vacuo and the 
residue was purified using HPLC on a reverse phase column eluted in a 
gradient procedure with water end acetonrtrile containing trifluoroacetic add. 
The required fractions were combined and solvent was removed in vacuo to 
give (he title compound as a white solid (0.1 82g). 1 H NMR (250MHz, 0V 
DMSO.) 9.00 (2H, broad s). 8.35 (1H, d. J«8Hz). 5.92 (1H, d, J»3Hz), 5.05 (1H, 
d. J»8Hz). 4.34 (1H, m), 3.46-3 30 (2H, m), 3.25-3.10 (1H, m). 3.08-2.90 (1H. 
m), 2.6 (3H. s), 1.75 (3H, s). 1.60-1.48 (2H, m), 1.48-1.30 (2H, m), 0.80 (3H, t 
J=8Hz), 0.75 (3H, t, J=8Hz). Mass spec (Low Resolution): MH* = 342. Mass 
spec (High Resolution): MH* * 342.202998, fits for molecular formula 
CuHalejOs, error » 0.3ppm 

Bamrtt » 

f4S.5R.6RV4^irio^dipn»vlc3rtM^ 
dih\^drtMH-pvran-2-carboxvlic add 
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a) (2*3R,4SMnAzido^tert*ute^^ 
2,6-dicarboxyfic acid 6-methyl ester. 

(4S,5R t 6RH-Azklo^tert-butoxyca^ R,2R)-1 t 2^hyxirox^ 

prop)fl4 t 6«£h)^ acid, methyl ester (3.88g) in methanol 

/water (3:1; 100ml v/v) was treated with sodium periodate (4.35g) and stirred for 
18 hours. The resulting suspension was filtered and the filtrate evaporated to 
dryness. The residue was suspended in tert-butanol (65ml) and treated with a 
mixture of potassium dihydrogen orthophosphate (6.7g) and sodium chlorite 
(6.7g) in water (35ml). After 3 hours the reaction was diluted with saturated 
sodium hydrogen carbonate and extracted with ethyl acetate. The aqueous 
liquors were acidified with dilute hydrochloric acid and extracted with ethyl 
acetate (x 3). These extracts were washed with 10% sodium metabisulphite 
solution, dried with sodium sulphate and evaporated to give the tills compound 
(3.1g) NMR 1 H (250 MHz, De-OMSO). 7.36 <1H. d ( J=7.5Hz), 5.96 (1H t d, 
J=4 0Hz) ( 4.72 (1H t d, J»4.0Hz), 4.22 (1H t m), 4.04 (1H f m), 3.76 (3H ( s), 1.38 
(9H, s). C 13 H 18 N 4 07. 0.25 HjO Requires: C. 45.0; H.5.4; N, 16.2. Found: C, 
44.9; H, 4.9; N, 15.7. Mass Spec. (Low resolution): MNH/ = 360. 

b) (4S t 5R,6RH^do^tert-butoxycarbonyiam^ 
5 l 6^ihydro-4H-pyrarv2-cafboxyiic acid, methyl ester. 

(1 J t 1-Benzotriazoi-1^IHi1.3,3^etramethyluron^ tetrafluoroborate (9.98g) 
and dtpropyiamine (12.9ml) were added to a stirred solution of (2R,3R,4S)-3- 
(tert-butoxycartxxtytamro acid. 
6-methyl ester (10.65g) in anhydrous dimethytfbrmamide (15ml) cooled in a 
water bath. After 4 hours the mixture was partitioned between ethyl acetate and 
water. The organic phase was separated and was washed with water (x 3) 
followed by saturated sodium bicarbonate solution (x 3) and water. The organic 
phase was dried over anhydrous magnesium sulphate and the solvent was 
removed in vacuo to leave a brown foam (12.2g). A portion of the foam (6.38 g) 
was chromatographed over silica (Merck 9385, 350g) using medium pressure 
(ca 4 psi) and ethyl cydohexane/acetate (5:1 v/v) as eiuant Appropriate 
fractions were combined and the solvent was evaporated in vacuo to afford a 
yellow solid which was triturated with diethyl ether to afford the title compound 
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as a white solid (325 g). 1 H NMR (250MHz, D^OMSO): 7.26 (1H, d. J=9Hz), 
5.87 <1H, d, J=3Hz), 4.9 (1H, d, J=9Hz), 4.43 (1H, dd, J=8, 3Hz), 3.8 (1H, q, 
J-8.5HZ), 3.75 (3H, 3), 3.4-3.6 (2H f m), 2.9-3.3 (2H, 2xm), 1.4-1.65 (4H, m), 
1.35 (9H, $), 0.8140.85 (6H, 2xt, J=7.5Hz). Man spec (low resolution): MH* = 
426. Mast analysis: C 1d H 31 N 5 0 (5 Required: C.53.64; H, 7.34; N, 16.46. Found: 
C, 53.77; H, 7.29; N, 16.48. 

c) (4S,5R6R>^mirK>4^do-6-diprop^ 
2-cartxxylic add, methyl ester hydrochloride. 

To a stirred solution of (4S,5R,6R)-4-azido^tert-butoxyc8rbonytam 
dipropylcartanrK>yl-5,6^hydro^H-pyran-2<^ acid, methyl ester (2.26g) 
in anhydrous tetrahydrofuran (17ml) was added 4.0M hydrochloric acid in 
dioxane (27ml). After 22 hours at 23°C the solvent was evaporated and the 
residue waa co-evaporated with dioxane (x 3) and then cydohexane to afford 
the title compound as a white solid (1.96g). 1 H NMR (250MHz. D 6 -DMS0) 8.75 
(2H, broad s), 6.15 (1H, d, J=4Hz), 5.45 (1H, d, JM.SHz), 4.5 (1H, t, J=7.5Hz), 
3.75 (3H, s) ( 2.95-3.7 (5H, m), 1.4-165 (4H, m), 0.83+0.9 (6H. 2xt, J=7.5Hz). 

d) (4S t 5R,6RH-Azido-6^dipropylcarbamoyl)-5-(2.2,2-^ 
5 l 6-dihydro-4H-pyran-2-cartxixytic acid, methyl ester. 

To a solution of (4S,5R,6R>-6^arDino^4-azido^dipropylc^ 
4H-pyran-2<arboxylic add, methyl ester (2g) in anhydrous pyridine (10ml) at 
0°C was added trifluoroacetic anhydride (1.28ml). The reaction was allowed to 
warm to 23°C, stirred for 2 hours and then diluted with ethyl acetate (30ml). 
The solution was washed with dilute hydrochloric acid (20ml), saturated sodium 
bicarbonate solution (20ml) and brine (20ml). The organic phase was dried 
over anhydrous magnesium sulphate, the solvent removed in vacuo and the 
residue was chromatographed over silica (Merck 9385, 50g) using medium 
preeaue (ca 4 psi) and cyclohexane/ethyl acetate (2:1 v/v) as the eluant The 
required fractions were combined and the solvent removed in vacuo to give the 
title compound as a white solid (2.33g). 1 H NMR (250MHz, O^OMSO) 9.75 (1 H, 
d, J=6HzK 5.95 (1H, d, J=3Hz). 5.05 (1H. d, J=9Hz), 4.55 (1H, dd, J»3, 9Hz), 
4.25 (1H, m), 3.75 (3H, s), 3.45 (2H, m), 3.20 (1H, m), Z95(1H. m), 1.55 (2H, 
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m), 1.45 (2H. m), 0.85 (6H, m). Mass analysis: C^H^NaO,. Required: C, 
45.61; H, 5.26; N. 16.62. Found: C. 45.67; H. 5.22; N, 16.42 

e) (4S,5R,6R)-4-Anrino^dipropylca^ 

tnfluoroacetytarnino)-5,6-dihydro^^^^ add, methyl ester. 

To a solution of (4S,5R.6RH^A>^dipropylcarbamoyt)-5-<2.2,2. 
trif!uoroac8ty1amir»K 1 6Hjityrt^ acid, methyl ester (ig) 

in dry tetrahydrofuran (10ml) was added triphenylphosphine (0.75g) and the 
reaction was stirred under nitrogen at 23°C for 1.5 hours. To this was added 
water (2ml) and triethylamine (2ml) and the mixture was stirred for 16 hours at 
23°C. The solvent was removed in vacuo and the residue was 
chromatographed over silica (Merck 9385, 50g) using medium pressure (ca 4 
psi) and dichJorornethane/methanoi (15:1 v/v) as the eluant The required 
fractions were combined and the solvent removed in vacuo to give the title 
SPJDfiOifljg; as a white solid. (0.87g). 1 H NMR (250MHz. De-OMSO) 925 (1H. d 
J=9Hz). 5.90 (1H. d, J=3H2). 4.79 (1H, d. J=9Hz). 4.00 (1H, m). 3.71 (3H.'s)! 
3.58 (1H, m). 3.40 (2H, m), 3.16 (1H. m). 2.95 (1H. m). 1.84 (2H. s). 1.57 (2H. 
m), 1.40 (2H. m), 0.81 (6H, m). Mass analysis: C^H^FjNjOj. 0 5H 2 O 
Required C. 47.52; H. 623; N, 10.39. Found: C, 47.68; H. 6.05; N, 10.10. 

f) (4S,5R,6R)-4^ino^dipropylcarba^ 
-5,6^ihydro^H-cyran-2-carboxylic add. 

A mixture of (4S,5Fl,6R)-4-aenir)o^dipropvk»bamoyl)-5-(222- 
tnfhxjroacetvlamino>^,6-d^ add. methyl ester 

(0.34g). triethytamine (1ml) and water (2ml) was healed at 50°C for 2 hours. 
The solvent was removed in vacuo and the residue was co-evaporated with 
dioxane (x3) to afford the title compound as a white solid (330mg). 1 H NMR 
(250MH*. Oe-OMSO) 9.40 (1H. s), 5.56 (1H. d. J=3Hz). 4.70 (1H. d. J«9Hz). 
4.15 (1K m). 3.85 (2H. m). 3.38 (2H. m). 3.15 (2H. m), 284 (2H. m). 1.47 (2H. 
m). 1.30 (2H, m), 0.72 (6H, m). Mass analysis: C^HjjFjNjOs. 1.25H20. 
Required: C, 44.61; H. 6.11; N. 10.40. Found C. 44.61; H, 6.10; N. 10.13. 



Examples 54-57 were prepared in a similar manner to Example 53. 
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(4S.5R.6RV4^iTTO^diDn»dcart>anwd^^ 
ovran-2-carboxvHcadd 

1 H NMR (250MHz, D 9 -OMSO) 8.10 (1H, d, J-9Hz), 5.56 (1H. d. J=3Hz). 4.92 
(1H, d, J=9Hz). 4.02 (1H, m), 3.90 (1H, m), 3.47 (1H, m), 3.14 (2H, m), 2.92 (2H, 
m), 2.05 (2H, m). 1.52 (2H, m), 1.45 (2H, m), 0.95 (3H, t, J=9Hz), 0.82 (6H. m). 
Mass analysis: C^H^O* 1.0H 2 O. Required: C. 53.47; H. 8.13; N, 11.69. 
Found: C, 53.37; H, 8.24; N. 1 1 69. 

Example 55 

MS.SR.6RV4^ino^diDroovl(arbamQ^)-SHTiethanas ulphQnvlaminQ-S6. 
dihvdro^H-ovran-2-caffaoxvlie add 

1 H NMR (250MHz, D«-OMSO) 5.56 (1H, d, J«3Hz), 4.66 (1H, d. J*9Hz), 4.15 
(1H, m), 3.85 (2H, m), 3.38 (2H, m), 3.15 (2H, m), 2.84 (2H, m), 1.47 (2H. m), 

I. 30 (2H, m), 0.72 (6H, m). Mass analysis: C^HjsFjNjOeS. 0.75HjO. 
Required: C, 44.61; H. 7.09; N. 11.15; S. 8.51. Found: C, 44.67; H. 7.25; N, 

I I. 20; S, 8.27. 

ExamptaSS 

(4S.5R.6RV4^liio^phenethvtoropvto 
(rifluofoaeatvlamino^.6^ihvdro^H^vrafv2^rt)0^ie add 
1 H NMR (250MHz. D 6 -OMSO retainers) 9.50 (1H. m). 7.25 (5H, m), 5.69+5.67 . 
(1H, 2xd, J»3Hz). 4.83*4.78 (1H. 2xd, J=9Hz), 4.25 (1H. t, J=9Hz), 3.92 (1H. 
m), 3.65 (1H. m), 3.40 (1H, m), 3.21 (1H. m). 2.91 (2H, m), 2.68 (1H. m). 1.48 
(1H, m), 1.40 (1H, m), 0.81 (3H, m). Mass analysis: C^H^FjNjOs 0.75HjO. 
Required: C. 52.57; H. 5.63; N, 9.20. Found: C, 52.74; H, 5.55; N, 9.19. 

Examoteg 

USSR.flRl^irtn<y6^Bhafiethvlorew 
dihvdnv<B4w>ran.2^art>oxvfie add 

1 H NMR (250MHz, DVOMSO) 8.10 (1H, m). 7.25 (5H, m). 5.58 (1H, s), 4.90 
(1H, m), 3.95 (2H, m). 3.7-2.90 (5H, m). 2.70 (1H, m). 2.09 (2H, m), 1.55 (1H, 
m), 1.45 (1H, m), 0.95 (3H. m). 0.81 (3H, m). Mass analysis: C 31 H 29 N 3 0 9 . 
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0.75HaO. Required: C. 60.49; H, 7.37; N, 10.08. Found: C. 60.46; H, 7.59; N, 
10.02. 
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CLAIMS 

1. A compound of formula (I): 




wherein 

R 1 represents OR 5 , SR 5 , NR 5 R fl t N(OR 5 )R fl or NfNRWjR*; 

X represents OH f N* NR*R 4 or NR 4 C0 2 R 19 ; 

Y represents H or NHR 2 ; 

R 2 represents a group SO2R 7 or COR 7 ; 

R 3 represents H t C 1-6 alkyl or C(=NR 8 )NR*R 10 ; 

R 4 represents H or C 1-6 aikyl; 

R 5 represents H, C 1 .2o aHc y , « C^cydoalkyl, C 2 . 2 o alken y , » Cwoalkynyl, 
CHR 11 COR 12 or C 1a30 aflcyl substituted by one or more groups selected from 
NR 13 R 14 NR 13 COR 14 . CO2R 13 . OR 13 , C^cyctoalkyl and optionally substituted 
aryl; 

Each R 6 independently represents H, C^kyt, C^cydoalkyl, C^alkenyl, Cmd 
alkynyl, aryl or C^alkyl substituted by one or more groups selected from NR 13 R 14 , 
COR 15 C«cydoalkyl, CN, N* OR 13 and optionally substituted aryl; 
or R 5 and R 6 together form a hydrocarbon chain which may optionally contain 
a group NR 19 which chain is optionally substituted by 1, 2, 3, or 4 groups selected 
from oxo and C 14 alkyl groups which groups may optionally be substituted by 
hydroxy or optionally substituted aryl; 

R 7 represents C 1-6 aicy1 optionally substituted by one or more halogen atoms, C> 
tcydoalkyi or optionally substituted aryl; 

R 8 , R 9 and R 10 each independently represent H, C 14 alkyl t amino, hydroxy, cyano 
or nilro t 

R 11 represents the side chain of a D- or L- amino add; 
R 12 represents NR 13 R 14 , OR 13 or R 13 ; 

each R 13 md each R 14 independently represents H, C 1 ^aHcyl or optionaUy 
substituted arylC 1-4 alkyt; and 
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R 1S represents Ci*alkyt; 

or a pharmaceutical^ acceptable derivative thereof. 

2. A compound as claimed in Claim 1 wherein R 1 represents NRW or 
NfOR^R*. 

3. A compound as daimed in Claim 1 or Claim 2 wherein Y represents 
NHR 2 . 

4. A compound of formula (la): 



wherein 

R 1 represents OR 6 , SR 5 , NRW, NCOR^R 6 or N(NR 5 R 6 )R 6 ; and 

X represents OH, H % NR*R 4 or NR'COaR* 

or a pharmaceutical^ acceptable derivative thereof. 

5. A compound of formula (lb): 



o 




nrV 



o 




OH 



wherein 

R 1 repreaeots OR 8 . SR*. NR'R 6 , N(OR s )R 6 or N(NR 5 R«)R a ; and 

X represents OH, Nj, NRV or NR x CO J R ,, 1 

or a pharmaceutically acceptable derivative thereof. 
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6. A compound of formula (k): 




<lc> 



R c is NHj or NHC(=NH)NH* 

R 4 is Ci.2alkyi optionally substituted by one or mora fluorine atoms; 

R* is Chalky! optionally substituted by phenyl, naphthyl or biphenyf, preferably 

ethyl substituted by phenyl, naphthyl or biphenyl; 

or a pharmaoeutically acceptable salt thereof. 

7. A compound selected from: 

4S, 5R 4 6R)-5^acetylamino-6-dimethyicarba 
pyran-2-carboxylic acid; 

(4S, 5R,6R>-5-ac»ty1amino^methylpropyicart)amoy1) «4-guarudino-5,6-dihydro- 
4H-pyran-2-carboxylic acid; 



(4S, 5R,6R)-5-acetylamino-4-amirK>6-(2 f 5-dimethylpyrTOlidine-1 -carbonyl)-5 t 6- 
dihydro-4H-pyran-2<artexytic acid; 

(4S, 5R,6R)«5-acetylamino~4-amino^ipr^ 
carboxylic add; 

(4S, 5R,6R)-5-acetylamirK>6<Bpropy^ 
pyran-2<arbcacyf te add; 

(4S, 5R,6R>£-acetytamino-6-dibu^ 
2 -carboxylic add; 
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(4S, 5R,6R)-5H*cetyiamino-4^i 

4H-pyran-2-carboxylic acid; 

(4S ( 5R,6R^5-ecstytamirK^ 
dihydro-4H-pyran-2-cartx5xylic add; 

(4S, 5R,6R)-5-acetylamirx>4^nc^ 
pyran-2-carboxylic acid; 

(4S ( 5R,6R)-5-acetylamino-4^no^ie^^ 
carboxylic acid; 

(4S # 5R,6R>-5-acetytamino-4^iro^ 
pyran-2-carboxylic add; 

(4S l 5R6RHnAmirK>^dipfopyka^ 
dihydro-4H-pyrarv2-cart)oxylic add; 

(4S,5R,6R)-5HAcetylamino^^ propylcarbamoylj. 
5 f 6-dihydro4H-pyran-2-cartx)xy!ic acid; 

(4S,5R,6R)-5-acetylamino-4^ 
dihydro4H-pyrarv2-carboxylic acid; 

(4S,5R,6R)-5-AoetylanNno^(^^ 
5,6<lihydro-4H-pyrafv2-carba)(yltc acid; 

(4S ( 5*6R)-5*cttyla^ 
dihydro4H-pyrarv2-cartx3txylic add; 

(4S,5R,6RM-Amino^pheneth^ 
4H-pyrarh2<arbaxyKc acid; 

and pharmaceuticaily acceptable derivatives thereof. 
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8. A compound as claimed in any preceding claim for use in medicine. 

9. A pharmaceutical formulation comprising a compound as claimed in any 
one of claims 1 to 7 together with a pharmaceutical ty acceptable carrier thereof. 

10. A method for the treatment of a viral infection in a mammal comprising 
administration of an anti-viraliy effective amount of a compound as claimed in any 
one of Claims 1 to 7. 

11. A method as claimed in Claim 10 for the treatment of an influenza virus 
infection. 

12. The use of a compound as claimed in any one of claims 1 to 7 for the 
manufacture of a medicament for the treatment of a viral infection. 

13. A process for the preparation of a compound of formula (I) as defined in 
Claim 1 which process comprises: 

(A) oxidative dearage of the glycerol sidechain of a compound of formula (II): 

OH.. 

CO,H 

01) 
X 

wherein X and Y are as defined for formula (I), or a protected derivative thereof, or 

(B) reduction of a compound (III): 




61 



PCT/AU96002W 



O 




wherein R 1 and Y are as defined for formula (I), or a protected derivative thereof. 
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AMENDED CLAIMS 

[received by the International Bureau on 01 August 1996 (01.08.96); 
original claims 4 and 5 amended; remaining claims unchanged (1 page)] 



R 15 represents Ci*alkyl; 



or a pharmaceutical^ acceptable derivative thereof. 



2. A compound as claimed in Claim 1 wherein R 1 represents NRV or 
N(OR 5 )R i . 



A compound as claimed in Claim 1 or Claim 2 wherein Y represents 



wherein 

R 1 represents OR* SR S , NRW, N(0&)R $ or N(NR 5 R*)R i ; 
Y represents H or NHR*; 

or a phannaoeutically acceptable derivative thereof. 
5. A compound of formula (lb): 



4. 



A compound of formula (la): 



o 




o 




OH 



wherein 



R 1 represents OR*, SR*. NRW, N(OR*)R* or N(NRW)tt 
Y represents H or NHR 1 ; 

or a pharmaceutical^ acceptable derivative thereof. 



AMENDED SHEET (ARTICLE 19) 
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STATEMENT UNDER ARTICLE 19 



An obvious error in claims 4 and 5 has come to notice. "X** was defined in words, but was 
not present in the formula, and the definition of T had been omitted. The claims 
therefore amended in order to conform with the consistory clauses on pages 3 and 4 of the 
specification. 

Claims 1 to 3 and 6 to 13 are unchanged: claims 4 and 5 are replaced by amended claims 
bearing the same numbers. 
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